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The Unique ASCO Mechanically Held 
Movement When the solenoid is energized, 
eccentric cam @ is rotated. Weight drive 
pin @ causes movement of operating 

lever {0} Lever @ (connected to the contact 
finger block) rotates on pivot pin @ and 
contacts such as @ are opened or closed 


With the solenoid de-energized, 

the entire mechanism is firmly locked 
in place by the angular position of 
the linkages—no springs, latches, or 
semipermanent magnets required! 


ASCO Mechanically Held Relay 


even brute force will not release the ingenious locking 
mechanism of ASCO MECHANICALLY HELD RELAYS 


We don’t recommend using it, of course; we just want to emphasize that, short of 
deliberate destruction of the linkages, only one force can release this powerful lock- 
ing mechanism and change relay contact position. That force is normal energization 
of the solenoid coil. Nothing else will alter the angular relation of the linkages, 
which maintains positive contact pressure despite vibration, gravity, or control 
circuit failure. 

The unique mechanical movement is the heart of any ASCO Mechanically Held 
Switch or Relay. At the instant of operation, a momentary surge of electrical power 
retracts the solenoid core to rotate a cam. Momentum carries the cam beyond dead 
center, and spring-loading completes the core-return stroke to relock the relay in the 
new position. Linkage action is the same whether contacts are opening or closing; 
thus the relay is power-driven in both directions. 


Design simplicity, typified by the single-solenoid coil mechanism, and rugged, com- 
pact construction are characteristic of ASCO Mechanically Held Relays. Complex 
and less dependable elements such as hooks, latches, semipermanent magnets, or 
gravity-operated devices are not used. These ASCO relays operate in any position; 
without AC hum or chatter, and without derating for enclosure. 


The extensive ASCO line includes a Mechanically Held Relay to meet your require- 
ments precisely; single pole or in combinations of 24 poles; single or double throw; 
10 and 25 amperes; to 250 volts DC, 600 volts AC. 


Send for Relay Catalog 57-S4, which shows you how to select the optimum relay for your specific needs. 


ASCO Electromagnetic Control | ASCO. 


DEPENDABLE ConTROL BY Automatic Switth CO. 54A HANOVER RD. FLORHAM PARK, N. J.» FRONTIER 7-4600 * AUTOMATIC TRANSFER SWITCHES * SOLENOID VALVES » ELECTROMAGNETIC CONTROL 
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DYNA-TROL 


flow-regulating valves 


" 3" V2" pipe sizes 


air to 250 psi 
oil and water to 1,000 psi 


PROBLEM! | how to replace a 1/4" valve with a 
less-costly 1/3” valve (and get extra precision in low-flow ranges) 


SeLuriews NEW MEAD DYNA-TROL VALVE 


} 


Check these design advantages 
of the new MEAD DYNA-TROL 


flow-regulating valve: 


e Adjusting sleeve — easily rotated 
by hand—locks to any setting 
and cannot be accidentally re- 
moved from valve body 
Calibrated sleeve records settings 
for future reference 
Knife-edge variable orifice re- 
duces flow distortion caused by 
viscosity changes in working 
medium 
No internal springs to cause 

ction 

e All parts rust-proof 


Small, economical MEAD DYNA-TROL flow-regulating 
valves can replace more costly valves of larger pipe 
size. Reason: Internal design permits pneumatic or 
hydraulic flow equal to full pipe area in both di- 
rections. The first 360° turn of the adjusting sleeve 
increases flow from zero to about 10% of potential 
—a new measure of precision in low-flow ranges. 
Successive turns accurately reach 100% of pipe ca- 
pacity. To cut costs and give exacting control to 
piston speeds, specify MEAD DYNA-TROL valves to solve 
your flow regulating problems. For information on 
quick delivery, write to MEAD today. 


PRODUCTS FOR AUTOMATION 


LAF’ 


FLUID DYNAMICS 


2 . . oO 
Wile sueugens range: —40° F. A DIVISION OF MEAD SPECIALTIES CO. 
+ : 4114N. KNOX AVE., Dept. B-101, CHICAGO 41, ILL. 


ASK YOUR MEAD MAN for more dollar-saving automation ideas 


August 31, 1961 Circle 204 on Page 19 l 





NES 
\N Or, 


wh 


FACTS for 
FILING on 
QUAD-RINGS 


@ POSITIVE SEALING 
UNDER ALL CONDITIONS 
@ ELIMINATES ALL 
SPIRAL TWIST FAILURE 
@ FOUR FLEXIBLE 
SEALING SURFACES 
@ LOW FRICTION INSTALLATION 
@ HIGH DENSITY INJECTION MOLDED 
@ RUBBER COMPOUNDS TO FIT 
APPLICATION 
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LOW FRICTION INSTALLATION—is made possi- 
ble because of the exclusive quadrilateral design, 
This permits much higher rotary speeds and gives 
the seal much longer life. 

HIGH DENSITY INJECTION MOLDED —All QUAD- 
RINGS are molded by MR’s exclusive injection 
molding process to give an exceedingly dense 
product. There are no voids to cause seal failure. 


RUBBER COMPOUNDS TO FIT APPLICATIONS 
MR compounds are designed to give the best 


POSITIVE SEALING UNDER ALL CONDITIONS 
The MR QUAD-RING gives superior sealing in 
reciprocating, rotary, and static applications at 
pressures ranging from 0 on up. 

ELIMINATES ALL SPIRAL TWIST FAILURE —This 
costly cause of O-ring failure is eliminated be- 
cause the relatively square cross-section of the 
QUAD-RING will not roll. 


FOUR FLEXIBLE SEALING SURFACES ~— gives 


double the sealing effectiveness of the O-ring be- 
cause of the exclusive seal design. It prevents 
leakage and requires less squeeze, 


possible service, using basic polymers such as 
natural or synthetic rubber, silicone or any other 
that will perform best under the specific conditions, 


Quad Rings are manufactured under U. S. patents RE 24332 and 2,873,132 


FOR MORE INFORMATION AND 
COPY OF THE QUAD-RING APPLICATION 
AND INSTALLATION HANDBOOK ... 
WRITE : 


WRITE ON YOUR LETTERHEAD FOR A FREE 


Sj | 
« 0 — “on, / 
ss) "MR FACTS FOR FILING" COVER, in 


OFFICES in: 
New York « Philadelphia « Ci 





e 3630 WOODDALE AVENUE 
MINNESOTA 


DEPARTMENT 841 
MINNEAPOLIS 16, 


d « Buffalo « Detroit « Chicago « Milwaukee « St. Louise Denver « Houston « Los Angeles « Portiand e Quad Cities « St. Joseph, Mich. « Dallas 
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Front Cover: Not a rocket exhaust, 
but George Farnsworth’s artistic 
interpretation of the flame-spray 
coating process graces the cover for 
this issue. The symposium by Wester- 
holm, McGeary, Huff, and Wolff, 
Page 82, completes the picture. 


Raden Titi Geert ok Se ce ee ae 


News Report—Once limited to relatively small sizes, molded nylon parts have crashed 
the size barrier with the recently introduced ‘‘monomer-cast'’ process. 


Engineering and Research Reports. .......... 70 


ROBERT G. MURDICK—How to develop technical reports to insure adequate communica- 
tion in engineering and research organizations; the seven most important kinds of reports. 


Flame-Sprayed Coatings .............-.. 82 


ROLAND J. WESTERHOLM, THOMAS C. McGEARY, HARRY A. HUFF, and ROBERT L. 
WOLFF—Four flame-spray methods; material selection, design of flame-sprayed parts. 


Hydraulic Pumps and Motors............. 9 


WARREN E. WILSON—Port 2: Predicting Performance in Systems—A practical method 
for expressing speed, pressure, and viscosity in terms of nondimensional coefficients. 


SEP EE Le re ee 


J. RONALD WICKEY—Part 4: Accessory Devices and Controller Construction—A compre- 
hensive look at commonly used controller accessory devices, and their functions. 


me GE TS bt os eS ee eee 


DANIEL STERN—Two new parameters to describe the response of energy systems. 


ee eee ee eee 


L. KASPER—Nineteen ways of attaching coil springs for maximum economy and efficiency. 


Noise Conversion Nomogram ............. 215 


JOSEPH |. SCHWARTZ and DONALD C. THOMSON—Data Sheet—An easy, reasonably 
accurate method of converting noise data from one set of units to any other. 


Fan Performance Indicators. .............. 118 


N. J. LIPSTEIN—Design Abstracts—A basic aid to selection and design of fans; correla- 
tion of performance data to satisfy requirements without resorting to rule of thumb. 
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COLIN CARMICHAEL—Editorial 


Engineering News 


Wire-guided missile Maser amplifier 
Industrial Design 
Laser research 


Four-wheel-drive racer 


Thinking machine 
Fastest digital computer 
Hydrofoil landing craft 


Trends 

Picture Report 

Meetings and Shows 

Short Courses and Symposia 


Scanning the Field for Ideas .......... 


Hydraulic fitting changes length—gage gives choice of scales—nylon 
squeezes lead in fastener—talls control torque and motion in wrench— 
suction supplies pump impeller-—valve provides quick pressure relief 
pistons alternate as reaction and moving members—flanges seal pipe 
fitting—serrated rings permit quick adjustment of driven disc 
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Spinner provides torque for bearing test—crane almost lifts its weight 

light beam measures gas concentration and turbidity—tape-controlled 
tube bender forms prototype as tape is made—player changes tape 
automatically—differential action gives many pitches from lead screw. 


Tips and Techniques 


Cutting magazine pages 

Design Abstracts 

New Parts and Materials... .. . 
Engineering Department Equipment 
The Engineer's Library . 
Noteworthy Patents . . 

Backtalk . 


Helpful Literature... . ig ara ah 


Reader Information Service 17 
Reprints 149 


Advertising Index 
Business Staff . 





IN THE NEXT ISSUE: Statistical dimensioning program . . . flexible 
couptings high-temperature brazing alloys . 
trol . . . stress relieving of steel weldments . 
. . . bellows joints . . . large plastic parts. 
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FOR RELIABILITY UNDER SHOCK LOADS 
AND HIGH HEAT...SPECIFY MIDVAC STEELS 


Where metal parts must stand the sudden shock of heavy loads, as on plane landing 
gears ...or the high heat of jet engines Midvac Steels offer the answer. The Midvac 
Process of consumable electrode vacuum melting produces metals with increased tensile, 
higher impact properties, improved stress rupture strength at elevated temperatures, 
and longer fatigue life. 

Midvac Steels are offered in many alloys (some are shown in table below) as billets 
or forgings for the production of forgings to meet the most critical design specifications 
of today’s space age. Complete details on Midvac Steels, plus comparative analysis of 
leading super alloys are available in new Midvac Steel Booklet.Write for your copy to... 


MIDVALE-HEPPENSTALL COMPANY 
Subsidiary of Heppenstall Company, Pittsburgh, Pa. NICETOWN, PHILADELPHIA, PA. 


SORRELL. SON INE ESL RSET IEE LE NATIT 
Ultimate Percent 
Alloy Melting Yield Tensile Percent [Reduction of 
Process | Strength .2 Strength Elongation: Area 








A-286 Air Melt} 99,000 psi] 132,300 psi} 9.0% 14.7% 
Midvac | 117,000 psi/ 150,500 psi} 21.3% 33.8% 








D6A-C Air Melt] 234,800 281,000 4.9% 20.6% 
Midvac | 256,700 294,250 9.6% 28.4% 





Tricent Air Melt} 238,600 284,500 6.1% 19.7% 
Midvac | 254,300 291,600 10.3% 25.6% 





901 Regular Midvac | 116,000 160,000 18.0% 25.0% 

















901 Hi-Strength| Midvac | 131,000 179,000 19.2% 20.2% 








Properties shown are averages of 25 heats 
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Wire-Guided Tank Killer Posts High Score “= —-\y 


Fins = 
we 


Lonpon—In an impressive demon- Pistol-grip control unit sim- a 


stration before ranking NATO of- __plifies aiming and firing of f 
ficers, an English-designed, anti- Vigilant. The wire-guided Rocket TTS A 
tank weapon recently scored 10 hits —_‘™issile is controlled in flight reirings el, F 
in 12 shots squarely on the turret by simple thumb move- : 
of a small moving tank. The weap- fre i" — ignites 
on, known as the Vickers Vigilant, sina sao ; — 
is a lethal one-man guided missile eee eer age 
designed by Vickers-Armstrongs 
Ltd., British Aircraft Corp. 

During the NATO demonstration, 
the tank, an American Patton, rum- 
bled along behind a ridge at ranges 
between 430 and 1300 yards, with J 
only half of its 3 x 6-ft turret visible. Worheod J: 
It suffered considerable damage, _ Nose probe y mum range of the weapon is 200 
even though the missile was not in retracted position \. j yards; maximum, 1 mile. The oper- 
armed. When armed. the hollow- vig ator can be up to 75 yards from the 
charge warhead of the missile will launch point if he wishes to site 


div : h Sa the missile on a reverse slope. No 
reportedly penetrate the most heav- flash is visible during launch, and 


ily armored tank. The weapon has ait 7~Flexible the weapon trails no streak of 
a payload capability of more than cY quide smoke during its 340-mph flight. 
36 per cent of its launch weight, ' 

permitting the use of a variety of 

warheads. 


Main charge 


Stabilized and One-Man Portable 


According to Vickers, the Vigi- 
lant is the only one-man, anti-tank 
missile in existence which is equipped 
with an autopilot. This so simpli- 
fies controls that British soldiers 
have scored six hits in as many shots 
during their first checkout with the 
weapon. The missile and its carry- 
box/launcher weigh only 44 lb and 
can easily be carried by one in- 
fantryman on a backpack. 
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Rockwell-Standard 
changes from hot-rolled A-4140 to 


fatigue-proof 


ie -  - 


e.t.di: 


— doubles tool life 


Increases turning production 20% 


Increases drill life 50% 


Eliminates heat treating 


Here’s an example of how a small additional investment 
in material enabled Rockwell-Standard to increase 
production and cut cost on an axle for farm equipment. 


Part: Axle for a self-propelled harvester. 


Steel: FATIGUE-PROOF steel bars .. . 
placing HR resulphurized A-4140. 


Result: Heat treating eliminated. More 
uniform hardness across the section (302 
Brinell) including small diameters. Hand 
straightening eliminated. Shaft runout in 
turning, reduced from an average of .015” 
to .005” in turning. Lower cost per part. 


re- 


PRODUCTION INCREASES 

Turning Operations: Speed increased ap- 
proximately 45%. Tool life increased from 
12 to 25 pieces per tip . . . tungsten carbide 
tips were used. 

Drilling Operations: Drill life increased ap- 
proximately 50% with FATIGUE-PROOF. 


Milling Keyway: Entire lot of 550 pieces 


were run on one cutter... cutter formerly 
required sharpening after 300 pieces. 


Hobbing Operations: Production increased 
approximately 60% ... from 26 pieces per 
hour to 44.2 pieces per hour. Hob life 
doubled. 


FATIGUE-PROOF steel bars offer 
all these cost cutting advantages. 
No heat treating necessary—no quench 
cracks, warpage or other heat treating 
problems. Costly operations eliminated. 
Exceptional Uniformity—from surface to 
center, end to end, bar to bar, size to size, 
and lot to lot. 


Faster Machining—faster than annealed 
alloys; 50% to 100% faster than heat 
treated alloys. 


Send for FATIGUE-PROOF bulletin entitled, 
““A New Material.” 24 Pages. Do it today! 


NAME____ icaeatipcalciiiisciaicil 





1426 150th Street 
Hammond, Indiana 


Available from your Steel Service Center 


August 31, 1961 
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ADDRESS 





CITY. 





ZONE_____STATE. 
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Cybertron: Another Thinking Machine 


Pushing the “‘goof” but- 
ton, when Cybertron 
errs, causes the ma- 
chine to re-evaluate de- 
cisions and modify its 
memory. Tapes in back- 
ground contain lessons 
and memory on various 
subjects. The machine 
excels at sonar and 
cardiogram analysis. 


Many years ago, the mathematician Godel demonstrated in a classical 
paper that many problems do not lend themselves to logical solution—they 
can be solved only by experience. Today these “alogical” problems include 
such vital military tasks as the differentiation of real and false radar echoes. 
Raytheon’s Cybertron, one of a new breed of machines, is designed to solve 
alogical problems. Faced with the task of separating true target echoes from 
spurious radar signals, Cybertron provided information for the design of 
new filters which are more discriminating than any previous units. 


Lexincton, Mass.—A special pur- 
pose machine “so nearly human 
that it learns, makes decisions, prof- 
its by its mistakes, and tells how 
to solve problems that baffle man,” 
has been developed by Raytheon 
Co. 

Called Cybertron by Raytheon, 
the machine is “alogical”— it learns 
by trial and error, relating new 
situations to past experience, con- 
stantly improving its skill. 

Two models of Cybertron have 
been developed. The smaller ver- 
sion, K100, is working on classi- 
fied military problems for the De- 
partment of Defense. K200, now in 
final stages of development, is a 
much larger machine, and is de- 
signed to take dictation. When 
fully developed, it will be capable 
of recognizing and typing out all 
typical American word sounds. 

Pitted against veteran sonar op- 
erators in séparating real from false 
target echoes, Cybertron learned in 
hours techniques that normally take 


8 


human operators many months to 
learn 

According to Raytheon, Cyber- 
tron will be suited for a broad range 
of military and industrial applica- 
tions. In canneries, learning ma- 
chines could be taught to sort and 
grade produce. They could _per- 
form similar quality control and 
inspection procedures in many other 
industries. These machines thrive 
on repetition, continually refining 
learning and performance. 

Since Cybertron’s learning is in 
the form of signals, the machine’s 
brain can be picked by similar ma- 
chines hundreds of miles away. All 
it knows can be transmitted by con- 
ventional communications systems. 

Once Cybertron has mastered a 
particular task, its know-how can 
be transferred to an AIDE (Adapt- 
ed Identification Decision Equip- 
ment), a simpler, more compact 
machine which can perform the 
task but cannot do any further 
learning. 





Topics 


A five-pound package of money may 
never be needed, but a new machine 
can make up bundles of bills—at the 
rate of 3600 an hour. The amount 
to be in a package is preset on the 
machine, and suction devices pick up 
bills from trays and place them on a 
wrapping band. This band is auto- 
matically sealed, then thickness of the 
package is checked electronically. The 
money counter is built by Currency 
Pre-Packaging Machine Co. 

e e@ @ 


Poetry on punched cards has proved, 
to the satisfaction of at least one 
computer and one classical scholar, 
that Homer was the sole author of the 
Iliad. Until recently, this work has 
been considered a collection of separate 
ballads; now the tendency is to accept 
all the poems as Homer’s. In prepar- 
ing his doctoral dissertation, James 
McDonough, a graduate student at 
Columbia University, prepared an IBM 
card for each of the more than 15,000 
lines of the Iliad. His code indicated 
metric contour of the line—where 
words begin and end and where long 
and short syllables are. The comput- 
er’s detailed analysis is said to reveal 
style mannerisms that could not have 
been imitated by another poet. By 
using the machine, Mr. McDonough 
was able to complete—in four years— 
a study that would have taken 20 to 
40 years in the pre-computer era. 


Old reliability: During a recent tour 
of vintage automobiles in England, 
just one car had mechanical diffi- 
culty. It was the escort vehicle, a 
1961 model. 


A popcorn production line has been 
set up to take care of hungry specta- 
tors at the Los Angeles Coliseum. A 
conveyor system, equipped with 155 ft 
of Goodyear Koroseal belting, extends 
from a bank of five corn poppers to 
a large stainless-steel hopper where the 
corn is packaged. Time from popper 
to hopper is five minutes. 

e ee 


New light on the firefly and what 
makes him glow has been shed by the 
research of two Johns Hopkins chem- 
ists. Drs. W. C. McElroy and E. H. 
White list five substances which make 
the light: Oxygen, certain magnesium 
salts, adenosine triphosphate, and luci- 
feron and luciferase—two substances 
unknown before this analysis. Dr. 
White has synthesized luciferon in the 
laboratory. He can make about one 
gram of it—about the same amount 
found in 2 million fireflies. 


Please direct inquiries to advertiser, mentioning MACHINE DESIGN> 
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“From Oilgear Application-Engineering Files 


HOW HYTAC* SYSTEMS CONTROL NEW EXTENSIBLE PAPER MACHINE SECTION SPEEDS IN 12 MILLS 


USERS: Twelve Paper Companies — Licensed by CLUPAK, INC. 


Builder — Sections and Differential Drives — Beloit Iron Works, Belo.:, 


DATA: Systems to vary and precisely control speed 
and draw of new sections that can be an integral part 
of complete, new paper machines, or inserted into 
existing machines for production of CLUPAK® ex- 
tensible paper—a revolutionary, patented, smooth, 
tough, kraft sheet. Original requirements called for 
systems that, when applied to Beloit mechanical dif- 
ferentials, would: 1. Provide precision-controlled, in- 
finitely variable section speed decrease up to 10% 
under main lineshaft speed—as selected from remote 
pushbutton stations. 2. Maintain selected section 


Wisconsin 


speed within +0.25% max. variation over a 50% load 
change at max. lineshaft speed. 3. Be: compact; im- 
pervious to heat, high humidity; thrifty on electrical 
power input, wiring, installation downtime, floor space; 
completely free, if possible, from maintenance-provok- 
ing belts, chains, relays. 4. Insure trouble-free, con- 
tinuous, heavy-duty, full-production paper machine 
drive service—but permit section immobilization for 
production of non-extensible stock. 5. One source and 
responsibility for these speed and draw controls 


One of the most recent of the twelve new Beloit extensible sections and control consoles 
incorporating HYTAC* SYSTEMS for precise speed and draw control—as installed on 
No. 1 machine at International Paper Company's Southern Kraft Division Mill, 
Camden, Arkansas, to produce CLUPAK® extensible paper. Control console instru- 
mentation includes direct-reading hydraulic pressure gages from the OILGEAR System 
to provide operators with constant, visval, exact indication of load or draw on the section. 


SOLUTION: Application-Engineered HYTAC* 
(HYdraulic TAChometer) controlled differential 
drives consisting of Oilgear ‘‘DRt-3517”’ Variable 
Displacement Pumps, ‘‘H-6017’’ Constant Displace- 
ment Motors, and HYTAC* components. with re- 
mote pushbutton control to provide precise speed- 
draw control on Beloit extensible sections installed 
and commercially producing CLUPAK® extensible 
paper at nine mills in the United States, two in 
Canada, and one in Sweden. Several other paper 
manufacturers licensed by CLUPAK, Inc., to pro- 
duce extensible paper under its authority, now have 
these Oilgear-equipped Beloit extensible sections on 
order. Oilgear H YTAC* Drive-Control Systems were 
selected after 3 years of development on this process 
and machine—from a 2-in. table model, through a 
15-in. laboratory model, and a 60-in. pilot model—as 
best suited to provide the accuracy and range of 
control required for the variable speed drives. 
Actual commercial operation has proved that these 
highly accurate, compact, heavy-duty, Oilgear Systems 
can maintain any selected section speed with less than 
+0.25% variation regardless of load change over a 
10:1 range of lineshaft rpm—plus enabling operators 
to infinitely vary each section’s drive rpm up to 15% 
under main lineshaft rpm . . . exceeding originally 
specified requirements ! 


HOW IT WORKS: Section driven by Oilgear-equipped Beloit differential (A), consists of a 
1-in. thick natural rubber Blanket (8) operating over 3 rolls, and between Nip Roll (C) and 
steam-heated, polished, chrome plated Dryer Drum (D). Paper (P) is held between Blanket 
(B), slipping against Dryer Drum (D). Enlarged view at Nip Roll shows how normal (1) Blanket 
(B) is compressed (2), squeezed and elongated (3), and rapidly contracts (4) after leaving 
Nip Roli—shrinking paper. Normal production shrink requirement is accurately controllable 
up to 15% by controlled variation in nip pressure, moisture content, dryer drum temperature. 
Accurate control of draw in and between extensible unit and 3rd Dryer Section (E) is required 
regardless of load changes . . . a reason for the precise, infinitely variable speed-draw con- 
trol provided by Application-Engineered HYTAC* Systems. 
eaEE 


Other inherent Oilgear ‘‘Any-Speed” Drive features are: cush- 
ioned, controlled starting, acceleration, deceleration, braking 
. . . positive, automatic overload protection . . . continuously 
filtered pressure and flood lubrication. Copies of Oilgear’s Fluid 
Power NEWS 3, 5, 8, 9, 11—with detailed descriptions of some 
of these and other Application-Proved installations are available 
on request. 

For practical solutions to your linear or rotary Controlled Motion 
problems, call the factory-trained Oilgear Application-Engineer in 
— ~— Or write, stating your specific requirements, directly 


THE OILGEAR COMPANY 
Application-Engineered Controlled Motion Systems 


1568 WEST PIERCE STREET e« MILWAUKEE 4, WISCONSIN 
Phone: Mitchell 5-6715 . . . Direct Distance Dialing Code 414 
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Fastest Digital Computer 
Tries Magnetic-Film Memory 


Lexincton, Mass.—The fastes: digital computer ever built 
is now in operation at MIT’s Lincoln Laboratory. Known 
as the FX-1, the new machine is described by MIT as 
being a working model for a new generation of computers 
which will be ten times faster than any in general use 
today. 

In addition to its speed, FX-1 also incorporates new 
construction techniques designed especially for high-fre- 
quency operation. It is, for example, the first machine 
with a main memory using thin magnetic films iz place 
of ferrite cores for high-speed, random-access storage. 

In comparing the speed of the FX-1 to that of other 
computers, two operations are measured: 

e Time required to read a computer word out of the 
memory and to write in a new word (read-write cycle 
time). 

© Speed of the logic circuits, specified by the rate of the 
timing pulses which govern the operation of these circuits 
(clock rate). 

Read-write cycle time for the central memory of the 
FX-1 is 0.3 microsecond. The fastest main memories in 
machines today (all use magnetic cores) have cycle times 
ranging from 2 to 12 microseconds. 

Logic circuits in the FX-1 operate at an effective clock 
rate of 50 million pulses per second, ten times faster than 
most machines currently in operation, and four times the 
rate of the fastest commercial machine available. 

Several circuit trays in the FX-1 are fabricated by a 
developmental technique called plated-circuit wiring. This 
consists of two layers of etch wiring sandwiched on either 
side of a central copper ground plane. Wiring of this 
type behaves like strip-transmission line, having uniform 
impedance characteristics that should simplify and im- 
prove circuit performance at high frequencies. 
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Glass plate, with small 
rectangular magnetic- 
film memory elements, 
is placed on_ printed- 
circuit wiring in the as- 
sembly of FX-1's high- 
speed memory. Each 
magnetic-film element 
rests on the intersection 
of two perpendicular 
leads on a flexible plas- 
tic wiring sheet. Com- 
pleted circuitry (below) 
contains the 256-word, 
3328-bit memory of the 
computer, 


Plated-circuit tray has two layers of wiring on either 
side of a central ground plane which functions as 
strip transmission line with uniform impedance charac- 
teristics. This type of construction is being tested in 
the FX-1 to simplify and improve circuit performance 
at very high frequencies. Typical plug-in unit, for 
logic circuitry, is 1.75 x 2.25 x 1 in. Approximately 
325 of the units are used in the computer, mounted 
in trays that accommodate up to 20 plug-in units each. 


wy 
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Any continuous tubing pattern 

you can create on paper can be 

put into a homogeneous alumi- 

num or copper ROLL-BOND sheet. 
gays 

For Brochure write Sales Manager, Roll-Bond Products, Olin 


Olin Mathieson Chemical Corporation, East Alton, Illinois. METALS DIVISION 


Circle 209 on Page 19 
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Marines Replace ‘Sitting Ducks’ with Flying Variety 


STRATFORD, Conn.—A turbine-pow- 
ered hydrofoil capable of transport- 
ing several thousand pounds at 
speeds of 45 knots will be built for 
the Marine Corps by Avco Corp., 
Lycoming Div. 

Known officially as the LVH, or 
Landing Force Amphibious Support 
Vehicle, Hydrofoil, the new craft 
will be used as a high-speed cargo 
carrier during assault landings. 

Powered by a Lycoming TF-1430 
multi-fuel gas turbine, LVH will 
have a flying speed in excess of 
45 knots, boating speed of 5-10 
knots, and overland speed of more 
than 25 mph. Foils, which are re- 
tractable during land travel, are 
self cleaning and have been struc- 
turally designed to operate through 
floating debris without damage. 

The craft has been equipped with 
separate propellers for boating and 
flying operations. The flying pro- 
peller is mounted on the bottom of 
the rear strut; the entire lower sec- 
tion of the strut, including the foil 
and propeller, is rotatable to pro- 
vide dynamic steering. The boating 
propeller is mounted on a retract- 


able drive beneath the hull. 


Maser Amplifies Light 


New Yorx—A pulsed ruby maser 
was recently operated as a light 
amplifier at Bell Telephone Lab- 
oratories, In the experiment, two 
ruby masers were set up in tandem. 
A pulse of light from one, used as 
an oscillator, was beamed into the 
other which amplified the light by 
a factor of two. 

Although other researchers have 
reported that maser oscillators am- 
plify light sufficiently to compen- 
sate for losses at end mirrors, this 
is the first experiment reported that 
was designed to observe and meas- 
ure amplification directly. 

The problem involved in directly 
observing amplification is one of 
distinguishing coherent maser light 
from the natural fluorescent light 
of the maser. In the experiment at 
Bell Labs, this difficulty was over- 
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Evolution of the Marine Corps’ LVH: 
Flying Duck (right), a converted World 
War || DUKW, proved the feasibility of 
hydrofoil landing craft. The ungainly 
vehicle would operate at speeds of 
more than 35 mph, as compared to its 
normal pace of 6 mph. Gas turbine- 
hydrofoil combination was tested by 
the Halobates (right, below), a con- 
verted Navy LCVP. In operation since 
1959, the craft has a top speed in 
excess of 35 mph. Artist's sketch 
(above) shows final configuration of 
the Marine's hydrofoil landing craft. 


come by using a ruby-maser oscil- 
lator to generate a coherent light 
which was so bright that the flu- 
orescence was comparatively small. 
The amplifying ruby was similar 
to the light-source ruby except that 
the ends of the ruby rod were not 
silvered. 


Amount bf gain that can be ob- 
tained depends on the temperature 
of the amplifying maser and the 
pumping power. A net gain of two 
was observed at —40 C. With a 
more precise experimental setup 
and greater control of temperature, 
Bell researchers report a _ larger 
amplification could be obtained. 
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The 
Big Roll 
is on | 
with 
new 
Torrington 
Caster 


Bearings 


ee ee ee ee 


effectively spaces rollers... insures true rolling even 
in tough shock load or high speed drag line applica- 
tions. Ample provision for lubricant retention. Fric- 


Caster Bearings used in the famous Rapids-Standard tion at a minimum. Simple press fit makes handling 
line of casters and wheels. easier and faster... substantially cuts assembly 


The Torrington Caster Bearing is a true precision time and costs. 
bearing consisting of double paths of rollers retained 4 Investigate Torrington Caster Bearings for your 
in a drawn cup outer race. A molded plastic retainer application. Call or write us today. 


progress through precision TORRINGTON BEARINGS 


T HE TO RRIN GTO be Cc oO M PAN Vv Torrington, Connecticut « South Bend 21, indiana 
13 


Improved rollability, greater load capacity and a three AG 
to four times increase in service life are the out- % 
standing advantages offered by new Torrington 
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comments and configurations 


Treat for the tricycle set is pro- 
vided by swivelable back wheels, 
a feature of the Twirly Trike 
designed by American Machine 
& Foundry Co.(3). “Shifting,” 
by means of the handlebar con- 
trol lever, converts the vehicle 
from a conventional tricycle to 
one which will make sharp turns 
and travel in a zig-zag pattern. 


Two molded-plastic trailers add to the pleasure of camp- 
ing. The 10-ft Trailorboat (1), by Trailorboat Engineering 
Co., San Rafael, Calif., carries a 75-lb boat and has a pull- 
down back door which forms a table and exposes cooking 
and storage areas. The Towhee (2), a product of Barton 
Industries, North Long Beach, Calif., is slightly under 9 ft 
long, weighs 500 lb. Its cooking area has a butane stove, 
10-gal water tank, and ice chest. Both trailers and the boat 
are molded from glass-fiber reinforced Vibrin polyester pro- 
duced by the Naugatuck Chemical Div., U. S. Rubber Co. 
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Harmonic of Light 
Produced for First Time 


Ann Arsor—Using an extremely | 
powerful laser (light amplification | 


by stimulated emission of radiation), 
University of Michigan physicists 
have scored a scientific first by pro- 


ducing an overtone of a beam of 


light. The achievement is poten- 
tially of great importance in the 
field of communications. 


The U-M group produced the | 
second harmonic (or overtone) of | 


red light by focusing the laser’s 
intense beam of pure red light into 
a quartz crystal. The second har- 
monic was a deep blue beam. The 
laser beam was monochromatic at 
7000 Angstroms. The blue beam, 
an almost invisible violet which 
was considerably weaker than the 
laser beam, was monochromatic at 
3500 Angstroms. 


As a source of the intense red 


beam, U-M physicists used “one | 


of the most powerful lasers in the 
world.” It produced a power den- 
sity of 100 million watts per square 
centimeter at the focus. By con- 
trast, the intensity of sunlight at 
the earth’s surface is 0.1 watt per 
square centimeter. 

“This is a striking example of 
optical electronics,” the U-M group 
said, “Although the production of 
the second harmonic is now rela- 
tively weak, the possibilities for 
unique devices based on this effect 
merit intense investigation.” One 
possibility: The use of electromag- 
netic waves in the frequency region 
of light for communication purposes. 


For this, the light beam must be 


modulated (or mixed), as are ra- 
dio waves, to carry a signal. If this 
is achieved—and the U-M group 
points out that there are many 
difficult problems to be solved— 
beams of light would be constructed 
with a message-carrying capacity 
many times that of the longer radio 
waves. A single light beam, for ex- 
ample, could carry all the messages 
that now’go-acress country on reg- 
ular communication channels. 
Another important application 


would lie in the investigation of | , 


materials’ properties that scientists 
are presently unable to study (i.e., 
investigation of non-linear optical 
characteristics) . 
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INFINITELY 
SELECTIVE 
HONING 
SPEEDS 


PROVIDED BY A 


LEWELLEN 
VARIABLE- 
SPEED 
PULLEY 


The spindle of a BARNESDRIL #122 Honing 
Machine is powered by a LEWELLEN Variable-Speed 
Pulley at speeds of 270 to 870 RPM. The result: 
hone peripheral speeds of 100 to 250 FPM for 14” 
to 2” hole diameters. 


Infinitely selective honing speeds enhance the 
productivity of this precision machine . . . round, 
straight holes to tenths accuracy, with controlled 
surface finishes of 1 to 100 RMS. 


The LEWELLEN Adjustable Base mounts the 
vertical pancake motor, assembles the drive con- 
veniently, compactly, and inconspicuously. 


LEWELLEN Variable Speed Pulleys will incor- 
porate equally important functions into the equip- 
ment you may build or use. 


Please write for Catalog 70 


 LEWEL 


Manufacturing Company, Columbus, Indiana 


Distributors in all Industrial Areas 


Circle 211 on Page 19 
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BY Oth DRile 


NEW PRODUCT IDEAS find an earlier “meeting of minds” when 
you plan gasoline-powered equipment around engine specifica- 
tions from Briggs & Stratton. Let our Consulting Engineering 
Service give you detailed information on models . . . even help 
with those knotty special power problems. Get facts, too, on new 
Briggs & Stratton features such as “Oil-Foam No-Spill” Air 
Cleaner, “Shock-Free” Windup Starter, ‘“Pulsa-Jet”” Carburetor 
and other features. Write or phone Hugh S. Brown, Engineering 
Vice President, Briggs & Stratton Corp., Milwaukee 1, Wisconsin. 
(Phone LOcust 2-5000.) Circle 212 on Page 19 








Vertical and horizontal crankshaft 
odels — 2 to 9 hp 





GASOLINE 


~ ENGINES » 


Reader 
Information Service 


Free catalogs, bulletins, literature 
Information about new parts, materials 
Design data on advertised products 
Extra copies of editorial articles 


Circle number on 


Yellow Card for 


HELPFUL LITERATURE 





Descriptions of items start on Page 123. Starred items are from August 17 issue. 


Electrical, Electronic 


501 Electronic Transformers. 28 pp. Genero! Elec- 
tric Co. 


509 Adjustcble Sequence Timer. 4 pp. Space Instru- 
meniotion Div., Technology Instrument Corp. 
513 Wire-Wound Potentiometers. 6 pp. Fairchild 
Controls Corp. 

520 Governors, Switches. 12 pp. Synchro-Start Prod- 
ucts Inc. 

521 Slip Rings; Brush Assemblies. 16 pp. Slip Ring 
Co. of America. 


527 Magnetic Drives. Louis Allis Co. 


566 Variable Transformers.* Adjust-A-Volt units for 
bench or panel mounting. Catalog Section 1, 
40 pp. Standard Electrical Products Co. 

567 Engine Controls.* Series 46 and 56 units for 
gos, gasoline, or diesel engines. Bulletin 601, 
12 pp. Synchro-Start Products Inc. 

Printed Circuits.* Specifications for all types of 
circuits, including Carte Blanche units. “‘Depth 
in Circuitry,” 14 pp. U. S. Engineering Co. 
Precision Resistors.* Molded metal-film units 
for electronic apporatus. Catalog 50, 6 pp. 
Ward Leonard Electric Co. 

Panel Instruments.* Series 1900 oammeters, 
milliammeters, microammeters, voltmeters. Bul- 
letin 01-113, 6 pp. Weston Instruments Div., 
Daystrom inc. 

Selenium Rectifiers.* Certified selenium cells 
and stacks; cartridge-type rectifiers. Bulletin 
, 4 pp. Semiconductor Div., Syntron Co. 
Mesa Transistors.* No. 2N834 and 2N835, sili- 
con, NPN, double-diffused units. Bulletin DS 
5015 RI, 8 pp. Motorola Semiconductor Prod- 

ucts Inc. 

573 Numerical Control.* Defines meaning of nu- 
merical control; explains use of punched tape 
in machine-tool applications. 32 pp. Friden Inc. 

574 Miniature Potentiometers.* in ranges from 0-10 
to 0-5000 psia. Trans-Sonics Inc. 

575 AC Gearmotors.* Fractional-hp, in-line and 
right-angle units. Bulletin 1300 G, H, 2 pp. 
Ohio Electrical Mfg. Co. 

576 Control, Torque Synchros.* Size 11, 400-cycle, 
three-bore synchro selection. Data Sheet Cots. 
4-11-1, 4 pp. Vernitron Corp. 

577 Shell-Type Motors.* In ratings from 2 to 150 
hp. Bulletin 107, 4 pp. Louis Allis Co. 

578 General-Purpose Relays.* Type GR units ore 
simple, rugged. Bulletin 4 pp. Ohmite 
Mfg. Co. 


Hydraulic, Pneumatic 


502 Rotary Pumps. 8 pp. Roper Hydraulics Inc. 


503 Instrument Gages. 12 pp. Republic Flow Me- 
ters Co. 


510 Chemical Process Pumps. 16 pp. Goulds Pumps 
Inc. 


511 Fluid Motors. Char-Lynn Co. 
516 Leather Packings. 12 pp. Garlock Inc. 


526 Air-Control Products. 48 pp. A Schrader’s Son, 
Div., Scovill Mfg. Co. Inc. 
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Braided Hose. 4 pp. Atlantic Metal Hose Co. 
Inc. 


Compression Tube Fittings. 20 pp. Parker Fit- 
tings & Hose Div., Parker Hannifin Corp. 


Pilot Valves. 4 pp. Oilgear Co. 


Control Valves.* Series LB all-purpose units 
have split-body design. Bulletin LB-4, 16 pp. 
Conoflow Corp. 


Seals and Fasteners.* Hexseals, Seelscrews, 
Seelbolts, Rubrglas Seel. Catalog 359B, 16 pp. 
A.P.M. Corp. 

Air Valves.* In sizes from 0.93 to 4.4 in. 
Bulletin F-10539, 4 pp. Barber-Colman Co. 


High-Pressure Valves.* Have capacities of 3000 
and 6000 psi. Bulletin 280-B, 8 pp. Watson- 
Stillman Press Div., Farrel-Birmingham Co. Inc. 


Gasket Material.* Styles of gasket materials 
available; gasket design. Form AD-190, 24 pp. 
Garlock Inc. 

Vane-Type Fuel Pumps.* Points out advantages 
of fixed-displacement, vane-type pumps. Bul- 
letin A-5242A, 6 pp. Vickers Inc., Div., Sperry 
Rand Corp. 

Vacuum-Pump Selector.* Slide rule for choice 
of rotary air-pump models. Gast Mfg. Corp. 
Premium Lubricants.* Concept of molybdenum- 
disulfide additives used to enhance tempero- 
ture capabilities. 20 pp. Hercules Packing Corp. 
Molded Packings.* Palmetto packings for main- 
tenance of hydraulic, pneumatic equipment. 
Catalog MP-361, 8 pp. Greene, Tweed & Co. 
Fans, Air Washers.* Viny! plastic fans, air 
washers, exhaust systems. Catalog F, 36 pp. 
Industrial Plastics Fabricators Inc. 
Centrifugal Pumps.* Type GBH close-coupled, 
end-suction units. Bulletin 108, 6 pp. Aurora 
Pump Div., New York Air-Brake Co. 

Pressure Regulator.* Type 10 units in models 


with 2 to 120 psi. Bulletin LC 100, 4 pp. 
Lexington Controls inc. 


Mechanical Equipment 


508 Gear and Pinion Units. 10 pp. Gries Repro- 
ducer Corp. 

514 Worm-Reduction Gears. 16 pp. Crofts U.S.A. 
Inc. 

591 Ball Bearings.* With OD from 1 to 4% in. 
Bulletin B-61, 4 pp. Saginaw Products Corp. 
Adjustable-Speed Drives.* MS, MCS sheaves 
rated 2-15 and ag hp, respectively. Bulle- 
tin 25103, 16 pp. T. B. Wood’s Sons Co. 
Sprockets and Hubs.* Includes formulas for se- 
lection of shear-pin hubs and sprockets. Cota- 
log CD-104-A, 4 pp. Browning Mfg. Co. 

Roller Chain and Sprockets.* Data on power- 
transmission plans and ideas. Catalog 8, 106 
pp. Acme Chain Corp. 


Assembly Components 


506 Pin-Type Fasteners. 4 pp. Driv-Lok Sales Corp. 


526 Industrial Casters. 4 pp. Faultless Coster Corp. 


595 Standard Plastic Parts.* Illustrates variety of 
Daka-ware knobs, handles, balls. Catalog 9, 
12 pp. Harry Davies Molding Co. 

596 Casters and Wheels.* Contains glossary of 
caster terminology and selection chart. Coto- 
log 150, 48 pp. Hamilton Caster & Mfg. Co 

597 Stainless-Steel Screws.* Unbrako KS 812 sock- 


et-head cap screws discussed. Form 2734, 4 pp. 
Standord Pressed Steel Co. 


Manufacturing Processes, Parts 


517 Design of Welded Hangers. 4 pp. Lincoln Elec- 
tric Co. 


Materials 


505 Paper in Product Design. 12 pp. Knowlton 
Brothers. 

507 Liquid Sealant. 8 pp. ae Seclants Co. 

512 Designing with Phenoli . Chemical Mo- 
terials Dept., General Electric °. 


519 Materials Data. 2 pp. Mechanical Research 
Div., Clevite Corp. 


522 Laminated Plastics. 8 pp. Synthane Corp. 


524 Plastics Properties; End Uses. 16 pp. Monsanto 
Chemical Co. 


529 Bronze Alloys. 10 pp. Ampco Metal inc. 

531 Beryllium-Copper Rod. 8 pp. Beryllium Corp. 

598 Silicone-Rubber Products.* Properties, lico- 
tions of a range of products. Bulletin la, 
12 pp. Hewitt-Robins. 

599 Polycarbonate Films.* Physical, soar Prop- 
erties of Lexan films. Report ‘CDC-396, 
Chemical Materials Dept., Generol Electric 4x 
Rhenium, Rhenium Alloys.* Discusses fabrico- 
tion, applications, and varieties. é pp. Rhen- 
ium Div., Chose Brass & Copper C 
Plastic Optical Lenses.* Bolsey + con 
replace glass lenses in optical applications. 
Brochure 6104-10T, 8 pp. Stocker & Yale inc. 


Beryllium-Copper Strip.* Covers two  high- 
strength and two high-conductivity products. 16 
pp. Brush Beryllium Co. 


Vinyl Resins.* Elvox vinyl resins, designed for 
compatibility with poraffin wax. Bulletin A- 
18749, 14 pp. Vinyl Products Div., Electro- 
Goues Dept., E. |. duPont de Nemours & 
0. 





Aluminum Casting Alloy.* Precedent 71 high- 
strength, shock-resistant alloy in two forms. 
8 pp. William F. Jobbins Inc. 


605 Resistance Alloy.* Properties, performance 
characteristics of Alloy 750, for use as heating 
elements. Bulletin 112, 8 pp. Hoskins Mfg. Co. 


606 Vinyl-Aluminum Laminate.* Contains sample of 
Vynalate material and chips of 39 color-pat- 
tern combinotions. 20 pp. Aluminum Co. 
America. 
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504 Lishoratory Instruments. 32 pp. Keithley Instru- 
ments inc. 


515 Pressure Transducers. 4 pp. Consolidated Con- 
trols Corp. 


518 Drafting Machines, Tables. 4 pp. Ozalid Div., 
General Aniline & Film Corp. 


523 Reproduction Processes. 6 pp. Eastman Kodak 
Co. 


607 Metal-Sheathed Thermocouples.* Provide pre 


NEW PARTS, MATERIALS; 


Electrical, Electronic 


535 Miniature gear motors in end or side-mounte. 
types. Globe Industries Inc. 


536 Photoconductive cell is miniature unit which 
measures tungsten or daylight. Clairex Corp. 


641 Subminiature switches have only two moving 
ports. Contocts & Specialties Div., Fansteel 
Metallurgical Corp. 


Pressure switch is subminiature unit, accurate 
to +2 psig. Aero Mechanism Inc. 


Time-delay relay switches up to 5-amp loads. 
Heinemann Electric Co. 


Gear motor hos low noise level. Molon Motor 
& Coil Corp. 


Germanium mesa transistors have typical total 
switching speed of 96 nanosec. Semiconduc- 
tor Products Dept., General Electric Co. 


Shaded-pole motors are permanently lubricated, 
- ‘'rcctaael units. General Electric 
0. 


Hydraulic, Pneumatic 


540 In-line valve is fully adjustable from 50 to 
5000 psi Fisher Controls Inc. 


543 Propellant-actuated device is used as emer- 
gency energy source and as a buffer. Aircraft 
Armaments inc. 


552 Selector valve for oil and lubricated-air service. 
Republic Mfg. Co 


ENGINEERING EQUIPMENT 


cision temperature sensing. Catalog Supplement 
161-A, 4 pp. Harco Laboratories Inc. 


Strain Gages.* Covers 29 new Micro-Sensor 
strain gages. 4 pp. Micro Systems Inc. 


Pressure Transducers.* Measure static and dy- 
nomic pressures to 60,000 psi. Bulletin 278, 
6 op. Controls Div., American-Standard. 


Drafting Furniture.* Complete specifications on 
25 Stacor-Matic Models. 4 pp. Stacor Equip- 
ment Co. 


Weldable Strain Gage.* For continuous opera 
tion at 750 F and dynamic test to 1500 F. 
Bulletin SG-1, 2 pp. Microdot Inc. 





Circle the item number for 
information on products 
advertised or described, 
literature offered, 
copies of editorial articles. 
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558 Small fan moves 17.5 cfm under free delivery. 
Rotron Mfg. Co. 


560 Quick-disconnect coupling for use with nitrogen 
and liquid oxygen. Cryogenics Inc. 


Mechanical Equipment 


537 Instrument bearings have extra-thin cross-sec- 
tions. New Hampshire Ball Bearings Inc. 


544 Differential brake valve for use with brake 
fluids or hydraulic oils. Sarasota Precision 
Products !nc. 


546 Spacer bushings in lengths from 2 to 3 in. 
Detroit Ball Bearing Co. 


549 Plain, rod-end bearings have static load ratings 
from 225 to 2550 |b. Southwest Products Co. 


557 Speed reducers in speed ratios from 5:1! to 
60:1. Crofts U.S.A. Inc. 


Assembly Components 


533 Handle assemblies for use on lightweight, port- 
able units. Philadelphia Handle Co. 


534 Subminiature counters have digits 0.075 in. 
~? and 0.045 in. wide. Haydon Instrument 
o. 


539 Self-locking fastener is clip-on unit which 
speeds assembly. Elastic Stop Nut Corp. of 
America. 


Descriptions start on Page 126. 


548 Stainless-steel fastener for temperatures to 800 
; is self-locking. Penn Engineering & Mfg. 
orp. 


551 Plastic shock absorbers are available in single 
or double-action types. Taylor Devices Inc. 


555 Clevis pin is self-locking, cotterless unit. Rein 
Leitzke. 


J 
Materials 
538 Clear adhesive bonds vinyl to viny! or vinyl! to 
metal. United States Rubber Co. 


542 Temperature-indicating coatings in 14 new tem- 
perature ratings. Tempil Corp. 


550 Slip and antistick agent is now available in 
liquid form. Dixon Corp. 


Engineering Dept. Equipment 


561 Portable drafting kit contains drafting ma 
chine, paper, pencil. Draftette Co. 


562 Strain gage hos ultimote strain capacity of 
5000 microstrain. Micro Systems inc. 


563 Photocopy unit is built into an attache case. 
Anken Chemical & Film Corp. 


564 Portable test chamber uses liquid CO, to 
achieve fast, controlled cooling. Giannini Con- 
trols Corp. 





EDITORIAL ARTICLES 


Single copies of the following articles are 
available as long as the supply lasts. 
Starred items are from previous issues. 
See Page 149 for other available reprints. 
Editorial content of Macuine Desicn is 
indexed in the Applied Science Technology 
Index and the Engineering Index, both 
available in libraries. Microfilm copies 
are available from University Microfilms, 
313 N. First St. Ann Arbor, Mich. 


18-1 Nylon Parts Grow up. ‘‘Monomer-cast’’ process 
permits lorger molded nylon parts. (3 pp.) 


18-2 Engineering and Research Reports. Developing 
etfective technical reports; seven most im 
portent kinds. (6 pp.) 


18-3 Fiame-Sprayed Coatings. Four methods of 
flome-spraying protective coatings; guide to 
material selection, design of flame-sprayed 
poris. (11 pp.) 


18-4 Hydraulic Pumps and Motors. Method for ex- 
pressing speed, pressure, and viscosity in 
terms of nondimensional performance coeffi- 
cients. (4 pp.) 


18-5 BC Meter Control—Part 4. Commonly used 


controiier accessory devices and their func- 
tions. (8 pp.) 
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18-6 Zing and Snap. Two suggested new parameters 
to describe the response of energy systems. 
(1 p.) 


18-7 Attaching Coil Springs. Nineteen ways of at- 
taching coil springs for maximum economy 
and efficiency. (2 pp.) 


18-8 Noise-Conversion Nomogram. Method of con- 
verting noise data from one set of units to 
any other. (3 pp.) 


18-9 Fan-Performance Indicators (Abstract.) Aid to 
selection and design of fans; correlation of 
performance data to satisfy requirements 
without resorting to rule of thumb. (3 pp.) 


17-3 Hydraulic Pumps and Motors—Part 1.* Using 
nondimensional performance coefficients for 
selecting pumps and motors. (5 pp.) 


17-4 Critical Speeds of Coupled Machines.* Method 
for determining the critical speed, or natural 
lateral frequency, of an entire system. (7 pp.) 


17-6 Mechanical Finishes.* Specifying surface 
finishes: Types of finishes; finishing methods; 
factors influencing choice of finish. (9 pp.) 


17-7 Radii of Gyration.* Nomograms for determin- 
ing k? where multiple dimensions occur. 
(5 pp.) 


16-2 Project Planning.* Firm foundation for project 
planning: Using charts and graphs to make 
accurate predictions. (5 pp.) 


16-3 Wire-Rope Assemblies.* Selecting wire rope 
from standard types; designing assemblies. 
9 pp.) 


16-5 Impact Loads.* Predicting effects of suddenly 
applied loads; designing efficient structural 
parts. (9 pp.) 


15-3 Chemical Cleaning of Metal Parts.* Selection 
considerations; descriptions of chemical metal- 
cleaning processes. (8 pp.) 


15-8 Gas-Operated Mechanisms.* Nondimensional 
graphs simplify calculations of velocity, dis- 
tance, time. (3 pp.) 


14-3 New Roller-Chain Horsepower Ratings.* Get- 
ting the most out of the new horsepower and 
speed ratings proposed by chain manufac- 
turers. (4 pp.) 


14-8 Stepped Shafts and Nonuniform Beams.* Pre- 
dicting deflections at ~ point in a stepped 
shaft or variable-section beam. (6 pp.) 


13-2 How to Sell Ideas.* Presenting ideas to 
i what sales resistance to expect. 
pp. 


13-4 Reverted Gear Trains.* Determining the num- 
ber of teeth needed to get exact ratios in a 
reverted gear train. (4 pp.) 


12-4 Clearance in Rolling Bearings.* Calculation of 
probable bearing life for any amount of 
diametral clearance or preload. (5 pp.) 


12-9 Least-Square Lines.* Techniques for assessing 
the statistical significance of a line drawn 
oo a series of scattered data points. 
(8 pp. 
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COMPANY PRODUCT MANUFACTURED 
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451 476 


676 701 801 
227 452 477 7 7 
53 303 


802 
453 478 803 
454 479 804 
455 480 


456 481 
457 482 
458 483 
459 484 
460 485 510 535 


461 486 511 536 
462, 487 512 537 
463 488 513 538 
464 489 514 539 
465 490 515 540 


466 491 516 541 566 591 691 716 
467 492 517 542 592 692 717 
468 493 593 643 693 718 
469 494 594 694 719 
470 495 595 620 695 720 


471 49% 596 696 721 
472 497 597 697 722 
473 498 598 648 698 723 
299 474 499 524 599 699 724 
300 450 475 500 525 550 600 650 700 725 12-9 
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847 
848 
849 
850 
851 

852 
853 
854 
855 
856 
857 
858 
859 
860 
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226 251 276 451 476 501 526 676 701 
252 277 30: 452 477 502 527 
253 278 403 453 478 503 528 
254 279 454 479 504 529 
255 280 455 480 505 530 


256 281 456 481 506 53) 
257 282 38 457 482 507 532 
258 283 33 408 458 483 508 533 
259 284 309 409 459 484 
260 285 360 460 485 685 710 


261 286 86 436 461 486 511 536 686 711 
262 287 462 487 512 537 
263 288 363 463 488 513 538 
264 289 364 439 464 489 514 539 
265 290 340 390 465 490 515 540 690 715 


466 491 516 54] 691 716 
467 492 517 542 

468 493 

469 494 

470 495 


446 471 496 521 546 621 696 
447 647 697 722 
448 623 648 698 723 
449 524 624 649 699 724 163 «(124 
450 475 500 525 550 625 650 700 725 ; 129 
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509 534 
$10 535 





MACHINE DESIGN August 31, 1961 Do not use this card after Oct. 31, 1961 
CARD NAME TITLE 
INVALID 
WITHOUT 
COMPANY 
NAME 


TYPE 
OR PRINT 





COMPANY PRODUCT MANUFACTURED 





ADDRESS CITY 


201 226 251 276 501 526 
202 252 277 77 502 527 
203 253 (278 503 528 
204 254 279 504 529 
205 255 280 80 505 530 


206 256 281 506 531 
257 282 
258 283 
259 284 
260 285 360 510 535 


261 286 511 536 
512 537 

513 538 

514 539 

465 490 515 540 


466 491 516 541 
467 492 517 542 
468 493 518 543 
469 494 519 544 
270 295 470 495 520 545 





271 296 471 496 521 546 
472 497 522 547 
473 498 523 548 
474 499 524 549 
475 500 525 550 








BUSINESS REPLY MAIL 


No Postage Stomp Necessary if Mailed in the United States 











—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Service Dept. 





BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 











—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Service Dept. 





BUSINESS REPLY MAIL 


No Postage Stamp Necessary if Mailed in the United States 











—POSTAGE WILL BE PAID BY— 


MACHINE DESIGN 
Penton Building 
Cleveland 13, Ohio 


Reader's Service Dept. 








FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 














FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 














FIRST CLASS 
Permit No. 36 
CLEVELAND, OHIO 








! 
! 
t 
! 
! 
! 
t 
1 
! 
! 
! 
1 
! 
! 
! 
! 
' 
' 
i 
' 
i 
! 
! 
' 
t 
! 
| 
! 
! 
i 
' 
' 
1 
' 
! 
' 
' 
! 
' 
' 
! 
! 
! 
! 
| 
t 
! 
{ 
' 
' 
' 
I 
| 
! 
' 
' 
I 
' 
' 
' 
' 
! 
1 
' 
i 
' 
! 
' 
| 
' 
t 
! 
1 
! 
! 
' 
! 
' 
t 
' 
! 
' 
1 
t 
! 
' 
' 
! 





Why use. this so-called 


extra-light’ 


eY-¥-Valale Mn @-\al =.) mele) = on le) ne 


when all you need is this 


Kaydon Reali-Slim KA-40-CP 


On the heels ofa 500% sales increase... 


Kaydon reduces Reali-Slim bearing 
"off-the-shelf" prices additional 24% 


| 


all] 


*Five of the six series 
of Type ‘‘CP’’ Reali- 
Slim bearings are 
smaller in cross section 
than the AFBMA 
standard ‘‘extra-light’’ 
series bearing shown 
above. 


August 31, 1961 


Due to advantages made possible by 
greater sales and increased production 
efficiency, Kaydon now passes along an- 
other price reduction on “off-the-shelf” 
Reali-Slim Type CP Bearings. This new 
price cut (up to 24%) has been made in ad- 
dition to reductions up to 76% a year ago. 

More than 80% of all present standard “‘extra- 
light” series bearing installations never require 
the full capacity of the bearing. 

Kaydon now trims this expensive bearing ex- 
cess! Kaydon Type “CP” Reali-Slim bearings 
match proper size, weight and capacity to speci- 
fied shaft sizes. Overcapacity need no longer 
hamstring your product designs. 


Here’s why! In Kaydon’s new Type “CP” 
Reali-Slim bearings (world’s thinnest), width 
and cross section remain the same for all bearing 
sizes in any one series. 

Example: each of the 15 sizes from 4” to 12” 
bore in the Reali-Slim KA series has only 4” 
width and cross section. Result: new opportunity 
to save on cost, size, and weight . . . in bearings 
and adjacent components. 

Availability? Now off-the-shelf in 90 sizes 
with Conrad deep-groove, ball-radial construc- 
tion . . . and new bronze one- piece snap-over 
separator in 4” to 12” bore — 14” to 1” width 
and cross section. Write for free, fact-filled “CP” 
bearing bulletin — with prices! 


THE KAYOON ENGINEERING corp. ype / 


~-MUSKEGON, MICHIGAN | 


All types of ball and roller bearings — 4” inside diameter to 178” outside diameter . . 


. Taper Roller K-160R2 


Roller Thrust ¢ Roller Radial « Needle Roller ¢ Ball Radial ¢ Ball Thrust Four-Point Contact Bearings 


Circle 213 on Page 19 
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Atomic Waste May Help Convert Sea Water 


Low-cost energy for converting salt water to fresh water may be sup- 
plied by waste fission products. The Aeronautics Div. of Chance 
Vought Corp. has begun work on Project Artesia and will design a 
test model heater capable of producing 250 gallons of fresh water per 
day. Concentrated radioactive wastes, reduced to powder or pellet 
form, are to be used as fuel to boil the salt water which will then be 
condensed and collected as fresh water. Economic studies by Chance 
Vought indicate that this method would cost $0.80 to $1.30 per thou- 
sand gallons if daily production is 1 million gallons. In the Freeport, 
Texas, conversion plant (where energy is supplied by natural gas), cost 


is $1.00 per thousand gallons. 


PRESSURE-SENSITIVE GASKET is made of a 
metal gasket, combined with an_ elastomeric 
gasket and adhesive. Installation is accomplished 
by removing a release material and applying 
hand pressure. The product is called Teckstik 
and was developed by Technical Wire Prod- 
ucts Inc., Cranford, N. J., to eliminate installa- 
tion problems caused by the use of RF and fluid 
gasket material. 


THE METRIC THREAD is preferred over the 
inch screw thread in the Uaited Kingdom— 
particularly in the electrical indust-y—if the In- 
ternational Standards Organization changes from 
Whitworth and BA threads. British manufac- 
turers favor the metric system because they feel 
that ultimately it will replace Imperial and other 
measures, 


QUARTZ CRYSTAL IN A CHRONOMETER, 
used as the timing standard, keeps it accurate 
to within five seconds a year. Developed by GE’s 
Research Laboratory, the clock uses three tunnel 
diodes to convert 100,000-cps crystal vibrations 
into a 50-cps current to drive the clock motor. 
It operates about four months on a flashlight- 
size mercury battery. Performance could be im- 
proved by constant temperature. 


INDUSTRY-WIDE AGREEMENT and stand- 
ardization of ratiometry nomenclature and desig- 
nating symbols is urged by North Atlantic In- 
dustries Inc. The company wants to organize 
a symposium to coincide with the 1962 IRE 
show; at the WESCON show, it had a two-di- 
mensional ac vector model to provide graphical 
illustration of the ratiometric explanation. 


Tape Switch Teams Up Computers 


Computers and auxiliary equipment can now automatically and effi- 
ciently share reels of magnetic tape. A new switching system, developed 
by International Business Machines Corp., routes the tape back and forth 
between computers, between different channels on the same computer, or 
between a computer and an input/output unit. Because the device al- 
lows minimum physical handling of tape reels, it may result in fewer 





tape units needed in a typical computer installation. 


DO-IT-ITSELF PROGRAMMING is practiced 
by a computer using a new system developed by 
the Electronic Data Processing Div. of Minne- 
apolis-Honeywell Regulator Co. for its model 
800 computer. ARGUS (Automatic Routine 
Generating and Updating System) reduces the 
human operator’s work by having the computer 
itself perform many clerical operations. A great 
deal of time is saved, and the cost is half or 
less of that for a usual programming job. 


CONTINUOUS PROCESS CONTROL of the 
world’s largest crude-oil distillation plant will 
be handled by a fully automatic, or closed-loop 
IBM system. It will put in a 168-hour week 
at the Whiting, Ind., plant of American Oil Co., 
computing prevailing operating conditions, as 
well as ideal conditions, and making necessary 
adjustments. The system can scan 250 instru- 
ments and reset up to 24 control instruments 
in closed-loop control. 
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Plastic Molding Compound Conducts Electricity 


Glastic Grade X-1011-F, a new fiber-glass-reinforced molding com- 


pound, is electrically conductive for static draining. 


It also exhibits 


excellent physical strength and corrosion resistance, according to its 
developer, Glastic Corp., Cleveland. Suggested applications are blow- 
ers for explosion-proof equipment and components for equipment used 
in operating rooms, textile mills, chemical plants, mines, and printing 


plants. 


The material shows a zero Megger reading; impact strength 


(Izod notched) is 5 ft-lb per in.; and tensile strength is 5000 psi. 


STEEL PLATE IN SPACE will be on some of 
the world’s largest solid-fuel booster engines. 
Lukens Steel Co. is forming caps for these en- 
gines of ultra high-strength steel, rolled to ‘% in. 
thickness. The material performs at 90 per cent 
of its own yield strength. Caps are 10 ft in 
diam, weigh 3200 Ib. They go from Lukens to 
Excelco Developments Inc.,, which is building 
engine cases for Grand Central Rocket Co. 


ECONOMY GRADE SILICON PLATE for gen- 
eral applications requiring Class H insulation 
temperatures is introduced by Westinghouse 
Electric Corp. H-9758 silicon plate has ex- 
cellent electrical properties and high impact 
strength. Large glass fibers and yarns and 
comparatively low bond strength limit machin- 
ability, however. The material is supplied from 
1/32 to 2 in. thick, in four standard plate sizes. 


New Simulator Will Duplicate Complex Aerospace Conditions 


Ability to apply forces up to 20 g and to reach this force in less than two 
seconds will be among the accomplishments of the Dynamic Escape Sim- 
ulator, recently contracted for by the Air Force. Franklin Institute 
laboratories will build the $1.7 million simulator, which will expose hu- 
man subjects and animals to conditions in an escape capsule. Accelera- 
tion patterns encountered during launch and re-entry and complex tum- 
bling patterns will be reproduced, and vibrations up to 15 cps will be 
generated. Scheduled for use early in 1963, the simulator will replace the 
15-year-old Human Centrifuge at Wright-Patterson Air Force Base. 


Liquid-Sclid Rocket Fuel Mix Under Study 


Slurry rocket fuels (mixtures of liquids and solids) will be studied by 


Atlantic Research Corp. under contract from the Air Force. Seeking 
a major increase in performance of multi-component fuels, Atlantic will 
work with liquid-propellant systems containing liquid oxidizers and a 
metallic fuel to liberate heat, in conjunction with a third material 
that is gas-forming. 


A SHORTAGE OF TECHNICAL WRITERS 
exists and must be filled “if the business, edu- 
cation and research worlds are to continue to 
grow and benefit fully from the work of our 
scientists and engineers.” So says Fred C. 
Gladeck, president of the M & T Co., Philadel- 


’ phia contract engineering firm. Mr. Gladeck 
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points out that more technical advances in 
science, engineering, electronics, and production- 
line procedures have taken place in the last 30 
years than in all the rest of recorded history, 
and technical writing has not kept pace. 


FRESHMAN ENROLLMENT of engineering 
students, which rose rapidly from 1950-57 (from 
just under 35,000 in 1950 to almost 78,000 in 
1957), has been declining just as rapidly since 
1958. Since—according to information supplied 
by the Engineering Manpower Commission of 
Engineers Joint Council—about 50 per cent of the 
students graduate, engineering graduates in 1964 
should number around 34,000. About 37,800 de- 
grees were awarded in 1961; for a comparable 
crop in 1965, freshman enrollment this fall must 
increase more than 8000, or 12 per cent. 








Cast from liquid plastic . . . 


Inert-gos blanket 
atmospheric pressure 


L 
La-Melt ond hold NYLON PARTS 


ee lyst 


a 
Pump Mixer 


TT eee erie B* heavy-industry standards, molded-nylon parts 
have run to the small side, a limitation inherent 

in conventional “melt-pressure” methods of production. 
Cycle: 1/4 to 2hr However, the design potentials of nylon may be due 
for drastic reappraisal. Production of massive nylon 

shapes is now feasible with a “monomer cast” process 

introduced this month by Polymer Corp., Reading, Pa. 

Using techniques similar to those in metal casting, the 

P . nylon-casting process converts monomeric raw material 
Castings in one step... directly to finished nylon parts at atmospheric pressure. 
Multistep conventional operation for pro- In conventional practice, nylon is molded into fin- 
s ished forms and shapes from granules of polymer pre- 
ducing packaged nylon polymer (below) viously polymerized in large-scale chemical operations 
is streamlined drastically in the monomer- (sketch below). At today’s prices, says Polymer Corp., 


casting technique (above). Simplicity and conventional monomer conversion—requiring carefully 
controlled multistep procedures—nearly doubles the 


flexibility of the new sees pane de- molding material cost; i.e., $0.46 per Ib for the raw 
signers of cast parts to experiment eco- monomer vs. $0.98 for the packaged polymer granules. 
nomically with distinctive nylon formula- In Polymer’s monomer-casting process, five steps re- 
tions. Direct production of parts also al- quired in the usual method of manufacturing molding 
in enn of hie 00 powder are eliminated (above, left). Starting with ap- 

use of high filler concentrations (up proximately one-half the raw material costs, the process 


to 75 per cent) for improved stability, com- obviously promises considerable savings in the final cast 


pressive strength, and wear properties. part. 
Significant, says Polymer, is the fact that monomer 


casting can produce parts of “unlimited” size, free of 
































Vacuum, pressure and re water: 2 to 4 rinses 


water 
vopor removol Woter and monomer 
Catalysts to monomer recovery 


og hs op ogy 
ond 9 to 1 per cent , 
monomer = Drying: vacuum or hot inert gas 
Cycle: 11 to 16 hr cycles 6 to 24 hr 





Extruded strip 


Cycle: 2 to 4hv 





a 
Be Pie st b 
Price in cons Oo 
\ $.98 to $1.08 
x ‘ per Ib 
elletizer Transport Pressure‘200 to 1000 psi 


Cycle: 1/4 to 3 hr 
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porosity. MC nylon is cast from monomer without 
pressure. Becoming a mobile liquid (melting point: 
150 F), the monomer fills recesses of the mold, poly- 
merizes to a solid uniformly without forming vacuum 
bubbles. This permits casting of shapes and complex 
parts with outsized dimensions. 

Developers of monomer casting also point to the pos- 
sibility of a major reduction in mold costs. In extrusion 
molding, processing pressures range from 100 to 300 psi; 
injection molding requires pressures to 20,000 psi. Cost 
of the mold could run as high as $5000 for an injection- 
molded part weighing only 7 lb. Tooling costs for 
extruding an 8-in. diam rod are approximately $1500. 
Polymer estimates the monomer-cast mold costs would 
run between $100 and $500 for the 7-lb part; a 4-ft 
length of 8-in. diam rod could be produced in a $100 
MC mold. 

Monomer casting will not, however, compete with 
injection molding in high-volume production of smaller 
parts where mold costs are small and injection cycles 
are as short as 15 to 30 seconds. Monomer casting would 
require approximately 5 minutes minimum per unit. 

While techniques of nylon monomer and metal cast- 
ing are similar, Polymer points to certain differences: 
1. Molds for MC nylon must be nonporous because 
of the low viscosity of the monomer. Sand molds, 


Now available in large mill shapes (A), MC 
nylon is a Type-6 formulation with excellent 
abrasive-resistance properties (impeller, B). Low 
tooling costs permit economical insert casting of 
wear-resistant surfaces (C). ‘As cast’’ parts 
(D) eliminate expensive machining or broaching. 
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New challenge to metals .. . 

Resistance to peening and abrasion make nylon superior 
to many metals in heavy-duty parts like rolling-mill slipper 
blocks (above). Polymer Corp. estimates (Table, below) for 
rough-cast block point up present and possible future 
competitive position of MC nylon with metals. 





Material Weight Price 


(Ib) ($/lb) ($/unit) (¢/cu in.) 


1.18 
6.70 
0.64 
3.32 
0.32 
2.00 
0.87 
0.76 . 

0.195 8.19 
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Stainless Steel (304) 
Extrusion-molded Nylon 
Bronze 

Yellow Brass 

MC Nylon (present) 
Mild Carbon Steel 

MC Nylon (future) 
Aluminum 40-E 
Aluminum A-108 

Cast Iron 
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Rougher competition in plastics .. . 

Development of MC nylon, according to Polymer Corp., 
moves this high-strength plastic into price range of medium 
and low-cost resins (Table, below). Because of nylon’s high 
strength, less material can often be used in a part without 
sacrificing performance. 
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General 
Classification 


Premium Price 





Price 
rial ($perlb) (¢ percu in.) 
Polycarbonates 1.25 5.43 
Resins Nylon polymer . 4.06 
Acetal resins . 3.12 


Material 


Medium and Lower Epoxies { 2.61 

Price Resins ABS polymer . 2.26 
MC nylon ! 1.93 
Polypropylene 1.32 
Linear polyethylene 0. 1.19 


LUAU 
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Weight and part size unlimited . . . 
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Mold Pressure Requirements (psi) 


Maximum Part Weight (lb) 
Maximum Thickness 
Price per lb (dollars) 


Production Rate 


Limitations 


TANTUNOINUAELAEAAEAUAUNAANE AMAA HANNAN EA Hn 


Injection 
Molding 
20,000 
5 to 7 
% to 1! in. 
1.50 to 350 


depending on wt, 


thickness, and 
quantity 
50 to 300 Ib 


per hr 
Unsuitable for 
large parts 


Ce eC 


Extrusion 
Molding 


100 to 300 
300 


3 to 4 in. 

4 to 13.00 
depending on 
intricacy and 
quantity 

30 lb per hr 


Low 
rate 


production 
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Extrusion 


“100 to 3000 


Not applicable 
in. 


3 to 5.00 


30 to 40 Ib 

per hr 

Low production 
rate; symmetri- 
cal shapes only 


TUUTUUEU DEATH 


Centrifugal 


MC Monomer 
Casting 


1 to 8-hr cycle 
per mold 

Low production 
rate; symmetri- 
cal parts only 


Atmospheric 
Unlimited 
Unlimited 
3.00 to 5.00 
currently; 

1.25 to 2 
ultimately 

800 lb casting 
in | hr 
Uneconomical 
for small parts 


VOPUUTAVEAD AAO AUN TUDE HAT EEA HAE EAP 


therefore, are ruled out. However 
permanent MC molds can be metal, 
ceramic, or glass. 2. MC nylon parts 
must be poured at exact tempera- 
tures, and catalysts must be carefully 
added. While cast-metal parts set 
up by heat loss, MC nylon solidifies 
by polymerization; process control, 
therefore, must be more precise. 

In its initial market development, 
Polymer Corp, is concentrating on 
industrial applications where nylon’s 
characteristics are widely accepted. 
The company predicts that nylon, 
now considered to be a premium- 
priced resin, will be reclassified to 


High resistance to heat distortion . . . 
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Property Test 
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ML 


compete in applications now domi- 
nated by medium and low-priced 
resins. 

Also considered prime competitive 
targets are metals like stainless steel, 
brass, and bronze, Although less 
rigid and providing lower tensile 
strength than metals, MC nylon 
provides excellent bearing charac- 
teristics (with or without lubrica- 
tion), light weight, electrical insula- 
tion, resistance to mild acids and 
alkali solvents, and absorbs shocks 
and vibration. As an additional 
cost bonus, nylon can usually be ma- 
chined at higher rates than metals. 


Unit ASTM 


Type 66 Nylon 


For applications permitting use 
of symmetrical shapes in standard 
size ranges, MC nylon is now avail- 
able in tubular bars (ODs from 2 
through 15 in.; IDs from | through 
1414 in.). Plates (24 x 48 in.) are 
supplied in thicknesses from 1, in. 
through 4 in. Rod diameters run 
from 3 to 8 in. with lengths from 
6 to 24 in. 

The complex-shape market, ac- 
cording to the company’s projections, 
will become much larger in the fu- 
ture. At the present time, limited 
production is available for custom 
cast parts ranging from | to 100 Ib. 
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MC Nylon 901 


TULLE 


Type 6 Nylon 


Condition Method = 


Mechanical 
Tensile Strength 
Elongation 
Tensile Impact 
Shear Strength 
Modulus of Elasticity 
Stiffness 
Hardness, Rockwell 
Deformation Under Load 


9000-12,000 


psi D638 
25-250 


per cent D638 

ft-lb/in.? 

psi D732 

psi D638 

psi D747 
D785 


9000-12,000 
25-200 
90-180 

9600 
400,000 
200,000-400,000 
R110-120 


11,000-14,000 
20-30 


350,000 
230-350,000 
RII1-R118 


IAAI AI 1-1-1 
WI WWW WWW WwW 


f 


D621 1.0-3 0 1.0-2.5 


& 
& 
> sae 
5 
S 
8 


per cent 


Thermal 
Heat-Distortion Temp D648 200 

D648 360 

D569 496 + 9 


Ww 
WS 
o-_— 


425 
430 (gel 


temp.) 


eS os 

' 

we 

D-1 
oun 


oa 
wo 
Li) 
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Melting Point 


Coeff, of Linear 
Thermal Expansion 
Flammability 


5.0 x 105 
Self- 


extinguishing 


50x 10° 
Self- 


extinguishing 


5.5x 10°5 
Self- 
extinguishing 


D696 
D635 


in./in./F 
in./min 


Electrical 
Dielectric Strength 
(short-time) 
Dielectric Constant 


D149 
D150 
D150 
D150 
D150 
D150 
D150 


60-cycles 
10° cycles 
10® cycles 
60 cycles 
108 cycles 
10® cycles 


Power Factor 


Other 
Specific Gravity 
Water Absorption 
Waier Absorption-Saturation 


D792 1.14-1.15 
D570 1.5 
D570 79 


per cent 
per cent 
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TO THE CREATIVE DESIGNER... 


how 
many 
shoes $m 


Today the design engineer must be 
more than a competent designer! 
He must wear the shoes of top man- 
agement, purchasing, production, 
sales, service and the customer. 

He must design for lower cost, 
higher profit...include more sales 
features ...specify components that 
will last longer and perform more 
efficiently...be certain that his de- 
sign can be economically produced 
by present plant facilities... and 
satisfy customer desires. 








A CALL TO CHAIN BELT 





ADDS A MAN TO YOUR STAFF 





BUT NOT TO YOUR PAYROLL 
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With so much to do and so little 
time to do it, creative designers are 
turning to CHAIN Belt, for CHAIN 
Belt does more than supply quality 
products. We provide unequaled 
service to help design engineers 
select and apply the proper Rex 
Chains, Sprockets and Couplings 
to satisfy his needs. 

Your CHAIN Belt sales engineer 
is much more a problem-solver than 
a salesman. He approaches your 
needs from this standpoint. 

Why not take advantage of this 
specialized service! Call your 
CHAIN Belt Man or write CHAIN 
Belt Company, 4643 W. Greenfield 
Ave., Milwaukee 1, Wis. In Canada, 
write Rex Chainbelt (Canada) Ltd., 
Toronto and Montreal. 


CHAIN BELT COMPANY 





Same size tires are used all around on the P99 
(above); there is equal traction and weight at 


each wheel. Interchangeable engines—Coventry 
Climax FPF 1.5 and 2.5-liter—give the car versa- 
tility. Both engines are four cylinder, have over- 
head camshafts. The smaller version develops 
153 hp at 7500 rpm; the larger, 243 hp at 
6800 rpm. 


Major change in driving methods 
will be required for the P99. In 
conventional cars, fast cornering 
is achieved by sliding the rear 
wheels under power to promote 
a four-wheel drift. The car is 
held at a yaw angle all the way 
around the bend. The P99 may 
have to corner more slowly than 
its competition (or faster, if drift- 
ing is to be achieved). Straight- 
away acceleration of the car will 
undoubtedly be superior, and its 
traction, particularly on wet sur- 
faces, should be noticeably bet- 
ter than two-wheel drive cars. 


L ONGSTANDING theories concerning four-wheel drive 

may be proved or disproved when the English designed 
Ferguson P99 makes its racing debut. If the car performs well 
and proves mechanically reliable, certain of its key engineering 
features—four-wheel drive and Dunlop Maxaret four-wheel 
brakes—may be incorporated in a line of passenger cars being 
designed by the Ferguson organization. 

Although the P99 is by no means the first four-wheel-drive 
racing car to be built, it represents a considerable advance in 
drive-line design. Most previous versions either had over-run 
freewheels in the drive to the front wheels (i.e., no four-wheel 
drive on over-run), or used a third differential between front 
and rear wheels, which permitted any one wheel or pair of 
wheels to spin or lock. 

In the Ferguson system, a unique center, or master dif- 
ferential, plus a rather complex “control unit” divide torque 
evenly among all four wheels. Details of the control unit have 
not been released, although its operation is known to be similar 
to that of present limited-slip differentials. If one or both wheels 
of one pair tend to spin, torque is transferred to the opposite 
pair until speeds are synchronized. 

Ferguson’s anti-skid braking system is similar to that used 
on aircraft. It provides completely automatic “on—off” action, 


as if the driver were gently pumping the brake pedal. 


Front and rear differen- 
tial assemblies: Con- 
stant-velocity joints are 
used at each end of the 
driveshafts; inner mem- 
bers of the joints are a 
sliding fit on their driv- 
ing splines. Disc brakes 
are mounted inboard; 
hydraulic pressure is 
supplied by a transmis- 
sion-driven pump. 
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MICRO SWITCH Precision Switches 


HONEYWELL | 





Cut downtime to 20 seconds with 


MICRO SWITCH “Plug-in Limit” Switches 


The oil and liquid-tight seals and the wear resistant qualities of “200LS” snap- 
action limit switches make them ideal for use as dependable long-life safeties, 
limits and interlocks in the most severe industrial applications. 

Spring plugs integrally molded into the precision snap-action basic switch 
in the actuator assembly plug into the integrally molded terminal receptacle 
Two captive screws and a ring gasket seal the two units together. 

Nine standard and many special actuators are available. The basic switches 
are two-circuit double break. Actuator heads are adjustable to four positions 
and the terminal blocks may be mounted from the side or back, providing ex- 
treme versatility for changing production requirements. 

For further information, see the Yellow Pages for the nearest MICRO SWITCH 

; — Bir branch office or distributor or write for Catalog 84 
The terminal block, permanently mounted, has no 


parts to wear out. The actuator-switch assembly 


| lik lio tuk MICRO SWITCH...FREEPORT, ILLINOIS...A division of Honeywell 
plugs in like a radio tube 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 
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MICRO SWITCH Precision Switches 


Added safety for switching in danger areas 


EXPLOSION-PROOF switches 


MICRO SWITCH explosion-proof switches provide safe limit or interlock control 
functions in hazardous areas where there is danger of explosion of dust or vola- 
tile vapors. They are designed for heavy duty performance under the most severe 
operating conditions. The enclosed and well protected snap-action basic switch- 
ing elements combine precision with long life. 

All switches in this family are listed by Underwriters’ Laboratories for use 
in hazardous atmospheres Class I, Groups C and D; Class II, Groups E, F and G. 
Some are also listed for Class 1, Group B. 

Available with a variety of actuators, circuit arrangements, electrical ratings, 
and operating characteristics. 

See the Yellow Pages for the nearby MICRO SWITCH branch office or distribu- 
tor, or write for Catalogs 83 and 84. 


CX” series explosion-proof switches are rain and 
ist tight—valuable protectio 2 é . —_ . J ‘ies 

lust tight—valuable protection in hazardous out MICRO SWITCH ... FREEPORT, ILLINOIS... A division of Honeywell 

door locations. Note the two gasket seals and the 

accessibility for wiring to the two enclosed s.p.d.t 
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Sales and service offices in all principal cities of the se . 
MICRO SWITCH Precision Switches 


world. Manufacturing in United States, United King- 
dom, Canada, Netherlands, Germany, France, Japan. 


In Canada: Honeywell Controls, Limited, Toronto 17, Ontario 


switching units 








Hot-air balloon employs one very old principle and 
several new materials to take a man into the air. A gas- 
burner, the 40-ft diam Vulcoon is made of a plastic- 
cloth laminate with a lower section of glass cloth to 
withstand heat. The balloon’s volume is 30,000 cu ft 
and it requires an average heat differential of 130 F. 
Tanks of gas flank the pilot; the burner is above his 
head. Altitude is controlled like heat on a gas stove: 
To go up, the pilot turns the gas up; to go down, 
he turns it down. ‘The Vulcoon will carry 450 Ib and 
can make flights of about four hours’ duration. It was 
developed for the Office of Naval Research by Raven 
Industries Inc., Sioux Falls, S. D. Raven is offering a 
sporting model for about $3000. 


Sure-footed transportation for trail blazers is 
the Desert Rat, which will traverse steep hills, swamps, 
and large rocks at speeds up to 20 mph. This mobility 
is provided by Terra-Tires designed by Goodyear Tire 
& Rubber Co. They are 16 in. in diameter and require 
air inflation of only 2 to 5 psi. The vehicle, built by 
Remote Area Transportation Corp., Santa Ana, Calif., 
has a four-cycle, one-cylinder gasoline engine and auto- 
matic transmission. The center-mounted steering wheel 
is accessible to either rider. 
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All-welded aluminum Caltex Lumba-Lumba has a 
cruising speed of 174 knots. She is 77 ft long, has a 
beam of 17 ft, 4 in. The vessel was built for Caltex 
Pacific Oil Co. by Paasch Marine Service, Erie, Pa. 
Hull plating, superstructure, and struts are fabricated 
of an Alcoa aluminum alloy. 
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Crop spraying by autogyro offers an efficient, simple, safe, and economical means of 
performing this service, according to two British firms. D. Napier & Son, aircraft engineers, 
and Pan Britannica Industries, crop sprayers, collaborated to develop an aerial sprayer based 
on the Benson autogyro. Insecticide carried in a tank behind the pilot feeds through flexible 
tubes to spray booms on either side of the aircraft. The developers feel that what the plane 
lacks in payload capabilities it makes up for in other advantages: Maneuverability at low 
speeds, low cost of transport to spraying site (it is hauled rather than flown), accurate, effi- 
cient coverage of irregular-shaped fields, and all-round visibility. 


Multiplying and dividing electronically, without electronic components 
or circuitry, is accomplished by the “molecular slide rule” developed by 
Westiughouse researchers. The miniature mathematician, a solid slice of 
silicon, performs the same functions as an array of four separate diodes or 
three diodes and a transistor. However, it is more accurate. The block 
multiplies by adding voltages that are logarithms of the quantities to be 
multiplied. For dividing, currents are fed into the device so that logarithms 
of the numbers subtract. Input range is 10 to 1 and output range is 100 to 1. 


Warehousekeeping gets an assist 
from Robotugs, electronically controlled 
driverless tractors which tow trailers load- 
ed with goods. In use at Rootes Motors’ 
main warehouse, Robotugs travel in and 
out of the building to transport parts to 
storage areas. The tractors are made by 
EMI Electronics Ltd., England. 
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Three hundred passengers could travel 
across the Atlantic at a cost at least 30 per 
cent below present fares in this H.P. 117, ac- 
cording to Handley Page, Cricklewood, Lon- 
don, England. Cruising speed would be 550 
mph, made possible by the all-wing construc- 
tion and “spectacularly reduced” drag. A smooth 
boundary layer is to be maintained by taking 
in air through porous wing surfaces and ex- 
pelling it so as to cause little or no wake. 
Handley Page has made design studies for a 
family of laminar-flow transports. 


Sixteen powered wheels 
and four more to absorb shock 
take the Nobel-Amphibil over 
extremely rough terrain. The 
Norwegian vehicle can also trav- 
el easily through a fast-flowing 
stream. 
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No red lights stop the driver who heeds the 
advice of the Traffic Pacer. In this system, which 
is being tested on a four-mile stretch of Michigan 
road, lighted signs show the speed at which a car 
should be traveling to arrive at the next traffic 
signal while it is green. The Traffic Pacer is de- 
signed to increase—by as much as 20 per cent— 
a road’s intersection capacity, the number of ve- 
hicles which can go through an intersection dur- 
ing each green cycle of a light. 
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Meetings 
and Shows 


Sept. 11-14— 

Society of Automotive Engineers 
Inc. Heavy-Duty Vehicles Meet- 
ing, including production forum 
and engineering display, to be held 
at the Milwaukee Auditorium, Mil- 
waukee. Further information can 
be obtained from SAE, 485 Lexing- 
ton Ave., New York 17, N. Y. 





Sept. 11-15— 

Instrument Society of America. 
Sixteenth Annual Instrument-Auto- 
mation Conference and Exhibit to 
be held at the Biltmore Hotel and 
Memorial Sports Arena, Los An- 
geles. Further information is avail- 
able from Meetings Manager, ISA, 
Penn Sheraton Hotel, 530 William 
Penn Place, Pittsburgh 19, Pa. 


Sept. 13-15— 

Human Factors Society. Annual 
Meeting to be held at Ohio State 
University, Columbus, Ohio. Fur- 
ther information can be obtained 
from the society’s executive secre- 
tary, Dr. Paul Cheatham, Engi- 
neering Phychology Branch, Office 
of Naval Research, Washington 25, 
D. C. 


Sept. 14-15— 

American Society of Mechanical 
Engineers—American Institute of 
Electrical Engineers. Engineering 


MOTLEY 





“Ciaims he’s designing a 
solar-cell motor.” 


Management Conference to be held 
at the Roosevelt Hotel, New York. 
Additional information can be ob- 
tained from ASME Meetings Dept., 
29 W. 39th St., New York 18, N. Y. 


Sept. 18-20— 

Standards Engineers Society. An- 
nual Meeting to be held at the 
Hotel Sherman, Chicago. Addi- 
tional information is available from 
J. A. Caffiaux, executive secretary 
of SES, 11 W. 42nd St., New York 
36, N. Y. 


Sept. 24-26— 

Steel Founders’ Society of Amer- 
ica. Fall Meeting to be held at the 
Homestead, Hot Springs, Va. Fur- 
ther information can be obtained 
from society headquarters, 606 
Terminal Tower, Cleveland 13, 
Ohio. 


Sept. 24-27— 

American Society of Mechanical 
Engineers—American Institute of 
Electrical Engineers. National Pow- 
er Conference to be held at the St. 
Francis Hotel, San Francisco, Calif. 
Additional information can be ob- 
tained from Meetings Dept., ASME, 
29 W. 39th St., New York 18, N. Y. 


Sept. 24-27— 

American Society of Mechanical 
Engineers. Petroleum Mechanical 
Engineering Conference to be held 
at the Muehlebach Hotel, Kansas 
City, Mo. Further information is 
available from ASME, 29 W. 39th 
St., New York 18, N. Y. 


Sept. 25-28— 

Association of Iron and Steel En- 
gineers. National Convention to 
be held at the Penn-Sheraton Hotel, 
Pittsburgh. Further information can 
be obtained from society - head- 
quarters, 1010 Empire Bldg., Pitts- 
burgh 22, Pa. 


Oct. 5-8— 

American Society of Industrial 
Designers. Annual Meeting to be 
held at the Ambassador Hotel (Oct. 
5) and the St. Catherine Hotel 
(Oct. 6-8), Santa Catalina Island, 
Calif. Additional information can be 
obtained from Richard M. Wilkes & 
Associates, 521 N. La Cienega Blvd., 
Los Angeles 48, Calif. 


Oct. 9-l1— 
National Electronics Conference 
to be held at the International Am- 


phitheatre, Chicago. Additional in- 
formation is available from confer- 
ence headquarters, 228 N. La Salle 
St., Chicago 1, Ill. 


Oct. 9-13— 

Society of Automotive Engineers 
Inc. National Aerospace Engineer- 
ing and Me .ufacturing Meeting, in- 
cluding engineering display, to be 
held at the Ambassador Hotel, Los 
Angeles. Further information can be 
obtained from SAE headquarters, 
485 Lexington Ave., New York 17, 
hf 


Oct. 9-15— 

American Rocket Society.  Six- 
teenth Annual Meeting and Space 
Flight Report to the Nation to be 
held at the Coliseum, New York. 
Additional information can be ob- 


tained from society headquarters, 
500 Fifth Ave., New York 36, N. Y. 


Oct. 10-12— 

American Standards Association. 
Twelfth National Conference on 
Standards to be held at the Rice Ho- 
tel, Houston. Further information 
is available from ASA headquarters, 
10 E. 40th St., New York 16, N. Y. 


Oct. 17-19— 

American Society of Mechanical 
Engineers—American Society of Lu- 
brication Engineers. Joint Lubrica- 
tion Conference to be held at the 
Morrison Hotel, Chicago. Further 
information is available from ASME 
Meetings Dept., 29 W. 39th St., 
New York 18, N. Y. 


Short Courses 
and Symposia 


Beginning Sept. 4, three series of 
16 lectures—in Plasma Physics, En- 
vironmental Engineering, and Space 
Sciences—will be offered in locations 
throughout California by the Uni- 
versity of California Extension. 
Plasma Physics in Theory and Ap- 
plication lectures will include single 
particle motion, statistical mechani- 
cal foundations, radiation, oscilla- 
tions and waves, plasma stability, 
dissipative effects, plasma sources, 
shock wave, controlled fusion con- 
cepts, and controlled fusion status. 
Topics in Environmental Engineer- 
ing will include test specifications 
and procedures, mechanical vibra- 
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Series TA-51-2000, 
designed for vehicles 


@ Three models with ratio spreads 
of 5.45, 5.93 and 6.80. 


@ Capacities: 420 hp; 1050 lb/ft 
torque. 


@ Straight-through countershaft de- 
sign with constant-mesh gearing. 


@ Five forward speeds; one reverse. 


@ Full power-shift in all ranges 
through oil-actuated clutches. 


@ Engineered as package unit with 
Twin Disc Single-Stage Torque 
Converter. 


@ Converter has lock-up clutch on 
front end to provide direct drive 
performance when desired. 


@ Hydraulic retarder saves wear on 
brakes . . . permits safe, con- 
trolled descents at higher speeds. 
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TEST REPORT on Twin Disc’s 
New Power-Shift Transmission 


Assignment: Hauling copper ore 
at Arizona mine 


At the open pit copper mine of In- 
spiration Consolidated Company, In- 
spiration, Arizona, 22 dump trucks 
work around the clock, seven days a 
week, to haul out 105,000 tons of ore 
and 75,000 tons of waste rock. As a test 
of vehicle endurance, this is about as 
grueling an operation as you could find 
anywhere. It was here that Twin Disc’s 
new Series TA-51-2000 Power-Shift 
Transmission was asked to prove itself. 

For testing purposes the transmission 
was installed in Truck No. 62, a 40-ton 
Dart 37SL Dump Truck powered with 
a Cummins NVH-1200 Diesel. This en- 
gine produces about 420 net hp (2100 
rpm) at the flywheel. 

Along with the other 21 trucks in the 
Inspiration fleet, Truck No. 62 was put 
to work on the three-mile haul road 
between pit and crusher. 


Result: Six more transmissions 
ordered 


In six months on the job the Twin 
Disc transmission proved its worth. Re- 
garding its performance, T. M. Ander- 
son, Open Pit Foreman for Inspiration, 
had this to say: 

“On the basis of cycle times, fuel 
efficiency and shifting ease, No. 62 has 
been beating them all since we put in 
that new power-shift transmission. The 
truck pulls away from the loading 
shovel in third converter drive and is 
already in fifth lock-up drive when it 
hits the grade.” 

As a result of the test model’s out- 
standing performance, Inspiration has 
already ordered six more Twin Disc 
Series TA-51-2000 Transmissions. 


Twin Disc engineers will be pleased 
to make application recommenda- 
tions for your vehicle drive. 
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TWIN DISC CLUTCH COMPANY, Racine, Wis. (Hydraulic Division) Rockford, Ill. 
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GERLESS 


sss ters DINGS bo :r 


COMPANY 


Guaranteed-uniform cuts at high speeds 
call for DINGS safe, sure stops 


In automated cutting of billets, bars and structural shapes to 
extremely close tolerances, the conveyor must stop at precisely 
the right moment. That’s why Peerless Machine Company relies 
on Dings Magnetic Disc Brakes for the fast, safe, sure stops 
necessary for their new automatic cycling, high-speed band saw. 
Operating at 14 feet per minute in forward or reverse, this 
machine is guaranteed by Peerless to hold length of cut to 
+.003 of an inch. 


Dings Brakes are direct acting. Movement of the braking 
assembly is measured in thousandths of an inch, assuring 
instantaneous release and fast, positive stops. There are no 
mechanical linkages or levers ... consequently no worn parts 
to cause inaccurate or slower stops. 


For your automated operations where fast precise braking 
is required, specify Dings Magnetic Disc Brakes. Call on 
Dings complete engineering service to help solve your specific 
brake problems. 


Write for Bulletin BK4006 


DINGS BRAKES, inc. 


A SUBSIDIARY OF DINGS MAGNETIC SEPARATOR CO. 
4714 West Electric Avenue 
Milwaukee 46, Wisconsin 


Circle 217 on Page 19 











ENGINEERING NEWS 





tions and testing, shock testing, dy- 
namic measurement, low tempera- 
ture and cryogenics, the spaceman 
and his environmental requirements, 
and test management and operation. 
Space Sciences will cover such top- 
ics as physics of the moon and sun, 
dynamics of outer radiation zones, 
geomagnetic and __ interplanetary 
magnetic fields, high energy par- 
ticles, cosmic rays, solar emanation, 
and future space experiments. Fur- 
ther information on the series can 
be obtained from Dept. of Engi- 
neering and Sciences, University Ex- 
tension, University of California, 


Berkeley 4, Calif. 


Sept. 12-15— 

Seminar for Manufacturing En- 
gineers to be held at Pennsylvania 
State University. It will cover lat- 
est techniques related to automa- 
tion equipment development for 
engineers responsible for the de- 
sign, installation, and operation of 
such equipment. Further informa- 
tion can be obtained from the Con- 
ference Center, Pennsylvania State 
University, University Park, Pa. 


Sept 20-21— 

Industrial Electronics Symposium, 
sponsored by the American Insti- 
tute of Electrical Engineers, the 
Professional Group on Industrial 
Electronics of the Institute of Radio 
Engineers, and the Instrument So- 
ciety of America, to be held at the 
Bradford Hotel, Boston. Theme of 
the symposium will be supplier-user 
co-operation. Technical sessions will 
be on measuring techniques for 
industry, digital and analog tech- 
niques in industry, and new power 
conversion techniques. Additional 
information is available from D. J. 
LaCerda, Badger Mfg. Co., 363 
Third St., Cambridge, Mass. 


Sept. 27— 

Seminar on Hydrostatic Trans- 
missions, to be held at the Milwau- 
kee School of Engineering, will be 
comprised of an introduction to the 
subject, design and analysis aspects, 
and typical applications. Mr. Frank 
Flick will speak on “Cylinder De- 
sign and Application Concepts” at 
a dinner following the seminar. 
Further information is available 
from Melvin E, Striegel, Director, 
Evening Div., Milwaukee School of 
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Engineering, 1025 N. Milwaukee 
St. Milwaukee 1, Wis. 


Sept. 27-28— 

Seminar on High Energy Rate 
Forming, sponsored by the Ameri- 
can Society of Tool and Manufac- 


turing Engineers, to be held at the | 


Statler Hilton Hotel, Detroit. Topics 
will include tool design, part design, 
and development of high energy 
rate forming systems. Additional in- 
formation can be obtained from Col. 
Leslie S. Fletcher, Conference Direc- 
tor, ASTME, 10700 Puritan Ave., 
Detroit 38, Mich. 


Oct. 3-6— 
Ninth Annual Human Engineer- 


ing Institute, conducted by Dunlap | 


and Associates Inc., to be held in 
Stamford, Conn. The program will 
consist of three days of technical 
sessions, a half-day on manage- 
ment and contractual aspects of hu- 
man engineering efforts, and an 
opportunity for private conferences. 
Further information is available 


from Dr. Jerome H. Ely, Institute | 


Director, Dunlap and Associates 
Inc., 429 Atlantic St., Stamford, 
Conn. 


Oct. 5-6— 

Research and Development Ad- 
ministrators Workshop to be held at 
the University of Wisconsin. There 
will be three talks and a session 
during which problems of the group 
in attendance will be discussed. Top- 
ics scheduled deal with making re- 
search and development effective in 
company leadership, how to help 
R & D managers to be more effective 
on the job, and the development of 
an effective research and develop- 
ment department. Further informa- 
tion is available from the Manage- 
ment Institute, University of Wis- 
consin Extension Div., P. O. Box 


2098, Madison 5, Wis. 


Oct. 25-26— 
Computer Applications Symposi- 
um, sponsored by Armour Research 


Foundation, to be held at the Mor- | 


rision Hotel, Chicago. User experi- 
ence in computer application and 
programming techniques will be 
emphasized. Additional informa- 
tion is available from Benjamin 
Mittman, program chairman, Ar- 
mour Research Foundation, 10 W. 
35th St., Chicago 16, Ill. 
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SOMEWHERE 
THERE'S A 

DESIGN ENGINEER 
WHO CAN USE 
A 

NEW TWIST 


This design engineer will possibly recognize the pat- 

terns which Audubon has created in Metalwove fabric. 

And he will certainly recognize that the skill and 

facilities that brought these into being can create others 
. can, in fact, do almost anything with wire. 

He may not put this knowledge to immediate use. 

But, chances are, he'll come up against a problem 


sometime that demands a new twist of the sort that 
Audubon creates. Write us for information. 


Audubon Metalwove® Belt Division 


Manganese Steel Forge Co. 
Richmond Street and Castor Avenue 
Philadelphia 34, Pa. 


See us at the Detroit Metal Show, October 23 to 27, booth 633. 
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PLASTICS 


in Design 
Engineering 


PROPERTY 


TEFLON (TFE) 


TEFLON (FEP) 





Specific Gravity 

Tensile Strength, 73°F 

Elongation, 73°F 

Compressive Stress at 1% Offset 

Impact Strength, Izod Notched, 77°F 

Heat Distortion Temp., 66 p.s.i. 

Coefficient of Linear Thermal Expansion 
(Approximate Values per °F) 

Dielectric Strength, Short Time, Yc” 

Surface Arc-Resistance 

Volume Resistivity 

Dielectric Constant (60 Cycles) 

Service Temperature Range (Max.) 

Service Temperature Range (Min.) 

Water Absorption 

Flammability 





2.1-2.2 

2500-3000 psile) 
100-200% 

1000 psi 

3.0 ft. Ib./in. of notch 
270°F 


5.5 x 10-5 in./in./°F 
400-500 v/millb) 
700 seconds(¢) 
>10!5 ohm-em. 

2.0 

+500°F 

—395°F 

0.0% 
Nonflammable 





2.1-2.2 
2700-3100 psi 
250-330% 
700 psi 

Does not break 
162°F 


5.23 x 10-5 in./in./°F 
400-500 v/miilb) 
165 seconds(¢) 

2 x 10'5 ohm-cm, 
2.2 

+400°F 

—395°F 

0.0% 


Nonflammable 








(a} Tensile strength in oriented film may be as high as 


15,000 psi. 


(b) Value is 1000-2000 v/mil in thicknesses of 5 to 12 mils. 


(c) Does not track. 


(d) Samples melted in are after 15 seconds, but 


did not carbon track. 








This table compares the properties of Teflon* TFE and FEP. The newer FEP can be 
injection molded. In designing, consult your Garlock plastics specialist for best 


application results. 


In designing intricate parts, consider the 
benefits of Teflon as a material. 


Teflon offers a unique combination of 
properties unmatched by other plas- 
tics. It possesses the lowest coefficient 
of friction, the best non-stick charac- 
teristics, the most complete chemical 
resistance and the widest useable tem- 
perature range available in any plastic. 
Teflon eliminates lubrication, corro- 
sion, contamination, seizing; it reduces 
friction, wear, space required, weight. 
Teflon can be used in a thousand dif- 
ferent ways—for packings, gaskets and 
seals... for connectors, insulators, and 
test points .. . for valves, bearings, 
couplings, and insulation. 


In producing intricate Teflon parts, con- 
sider the benefits of Garlock as a supplier. 
From virgin powder to finished piece, 
Garlock closely controls each step in 
the process to assure that the final 
part performs to your expectations. 
Complete facilities are at your disposal 
for molding, extruding, and machining 
of Teflon. If your application calls for 
special properties, Garlock will com- 
pound Teflon with selected fillers to 
greatly extend its service range. If you 
need unusually large configurations, 
Garlock will fusion-weld Teflon... 
the weld will have the same thermal, 
chemical and electrical properties as 
the Teflon itself. 


Parts made from Nylon, Delrin*, C.T.F.E., 
Lexant are also available from Gar- 
lock. Let your local Garlock repre- 
sentative quote on your design, or ask 
his assistance on any design problems 
concerning materials and applications. 
Call him at the nearest of the 26 
Garlock sales offices throughout the 
U.S. and Canada. Or, write for Catalog 
AD-177. Garlock Inc., Palmyra, N.Y. 


GA RL O 
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Canadian Div.: Garlock of Canada Ltd. 


Plastics Div.: United States Gasket 
Company 

Order from the Garlock 2,000... two 
thousand different styles of Packings, 
Gaskets, Seals, Molded and Extruded 
Rubber, Plastic Products. 


*DuPont Trademark 
TGeneral Electric Trademark 
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a story of 


VVESTERN 


CSro wth 


The early West needed machinery to help it grow—and Western Gear Corporation, a driving force in 
expansion of the West since 1888, supplied a good share of vital power transmission products. # Today, 
matching the growth aims of American industry,"Western is far more than a maker of gears—it is a 
supplier to the entire Western World. WG today stands for Western Growth—an organization that. 
specializes in making ofher companies grow—ofther projects.succeed. @ This is the time to look 
into the: performance record of Western’s six divisions and WG’s proven capabilities...as 
engineers, designers and manufacturers, of components, systems and all types of electro- mechanical 
equipment; serving industry and the military in all applications of 

power and motion. # Western Growth can be the instrument of your . 
growth. It will pay you. to investigate.-Address Executive Offices, 

Western Gear Corporation, P. * Box 162; Lynwood, California. , 
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SEATTLE, WASHINGTON; BELMONT, LYNWOOD, PASADENA, CALIFORNIA; HOUSTON, TEXAS. OFFICES 4N ALL PRINCIPAL CITIES, 
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PLUGMOLD® ... wherever 


electrical outlets are used AIR DUCT ... moves air, 


fumes, particles, materials 


Versatile equipment studded with outlets 


Plugmold built into electronic racks 
makes power accessible wherever it may be used 


Typical of original equipment that 
needs available outlets, amplifier 
and power supply racks for large 
sound systems have added versa- 
tility with Plugmold. These multi- 
outlet assemblies allow almost 
unlimited possibilities for outlet 
arrangements. 

Almost any arrangement of Plug- 
mold can be accomplished: a single 
strip (far right), parallel runs 
(center), mounted horizontally, 
vertically, around corners, or in any 
fashion to match configurations of 
equipment. In both of these appli- 
cations, factory wired sections were 
used, with duplex outlets spaced 6” 
on centers. Other standard outlet 
spacings, with duplex or grounding 
outlets, 2-wire or 3-wire, are also 
available. Other Plugmold types 
permit you to place many other 
kinds of devices in any position 
desired. For example, fuses, circuit 
breakers, multi-prong jacks, etc., 
can be installed in the raceway. Or, 
portable power strips can be made 
with provision for easy connect and 
disconnect. 


On your work bench too 


Designers often use electrical/elec- 
tronic equipment in their work. 
Plugmold is an ideal way to wire 
your work bench with all the outlets 
you need—the ultimate in con- 
venient efficiency. 

Standard Plugmold types are 
stocked by electrical wholesalers 
everywhere. Wiremold welcomes the 
chance to assist in developing spe- 
cial assemblies. 
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At left, two rows of Plugmold provide outlets 
on electronic rack. At right, technicians’ work 
benches have convenience outlets for equip- 
ment. 


Pilugmold outlet strips make a neat power 
— in back of amplifier and power supply 
racks. 








Flexible duct resists abrasion— 


Even exhausts diamond dust 


Wiremold’s Type 8R duct combines 
the benefits of flexibility with 
rugged resistance to abrasion. 

Designed to handle such abra- 
sives as diamond dust, glass cut- 
tings, wood chips, pulverized or 
granular materials, the duct is 
made of Nylon fabric coated with 
heavy, abrasion resistant neoprene. 
This fabric locks mechanically to 
a flat metal spiral (see cutaway) 
making the duct firm and rugged, 
yet completely flexible. 

The duct can be assembled and 
secured in seconds. Fasten it to con- 
nector by securing 2 or 8 drill 
screws through the flat spiral and 
connector. 

Six standard duct types cover a 
wide range of uses. Special shapes 
(e.g., square, oval) can also be 
furnished. 


For Air Duct data, A 
Circle 221 on Page 19 


Exhaust duct on diamond dust collector. Cut- 
away shows duct’s unique mechanical lock- 
ing construction. 


SEND FOR LITERATURE 
_Air Duct Plugmold 


For Plugmold data, A 
Circle 222 on Page 19 
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SILICONE NEWS from Dow Corning 





Dividend for 














a 
SILICONE 
FLUID 





For detailed information and technical assist- 
ance in adapting silicones to your products, 
address Dept. 6920a, Dow Corning Corporation, 


Midland, Michigan. 


August 31, 196] 
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esigners 


How to make 
your designs 
more versatile 


Even the best device can be made more 
versatile, more practical, more efficient by 
engineering it to utilize the advantages of 
Dow Corning silicone fluids. Here’s what 
these advanced engineering materials have 
to offer designers. 


Stability to Heat, Cold. Dow Corning 
silicone fluids retain near-constant viscosity 
over wide temperature spans — help assure 
uniform, dependable performance in spite 
of temperature fluctuations. Damping 
effect, for example, only decreases from 3 
to 1 over a temperature rise from minus 
40 to plus 160 F. Under identical condi- 
tions, damping effect of a petroleum fluid 
decreased from 2500 to 1. 
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Long Life. Highly resistant to oxidation, 
Dow Corning silicone fluids undergo virtu- 
ally no change even after long term service 
— are nonsludging, nongumming. Silicone 
fluids are inert . . . will neither corrode 
metals nor cause rubber to swell . . . have 
no harmful effect on component parts of 
devices or systems. 


Good Compressibility. For liquid 
springs, shock absorbers and similar equip- 
ment, Dow Corning produces special 
silicone fluids that offer unusual compres- 
sibility in addition to all the other desirable 
properties that characterize silicone fluids. 
These compressible fluids make possible 
reductions up to 30% in oil chamber size 
. save vital weight and space. 
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Now Wisconsin offers you more power... 
amazing compactness...greater efficiency 
and economy ... and simplified upkeep. 


At 60 hp, the new V-460D is the most 
powerful V-4 in the Wisconsin line. 
It’s precision-built for all-weather de- 
pendability and long life in severe 
applications. And it’s designed to 
boost the customer appeal of the 
power equipment you build. 


You can cut design and production 
costs, because this 521-pound com- 
pact requires less structural support. 
You can up the payload and work 
capacity of your equipment — make 
it lighter and easier to handle — and 


~ WISCONSIN 


MODEL Y-A60)D..... 


' VALVE-IN-HEAD DESIGN! 


more economical for users to own, 
operate and maintain. 


Valve-in-head design and higher com- 
pression afford greater fuel economy 
with regular gasoline. They provide 
cooler and more efficient engine per- 
formance—and simplify upkeep. Even 
removing a cylinder for piston or ring 
replacement takes only minutes. 


Check all the benefits and savings the 
V-460D offers you and users of your 
mechanized equipment. Better still, 
let us tailor it for your self-propelled, 
portable, or stationary applications. 
For more information, get Bulletin 
S-282. Write to Dept. 0-11. 


CHECK THESE FEATURES: 


@Center main roller bearing and 
tapered roller end main bearings to 
absorb all thrusts. 


® Stellite-faced exhaust valves and 
positive rotators for up to 500% 
longer vaive life. 


® Controlled pressurized lubrication 
for full-time oiling to all working 
parts. 

® Automatic protection against over- 
heating and servicing neglect. 

® 12-volt electric starter with distribu- 
tor ignition. 

® Wide range of optional equipment 
and accessoriés. 


oe 


See the V-460D at Booth No. 154, at the SAE Engineering Display, 
September 11 through 14, 1961, Milwaukee Auditorium. 


NISCONSIN MOTOR CORPORATION 


MILWAUKEE 46, WISCONSIN 
World's Largest Builders of Heavy-Duty Air-Cooled Engines 
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Spring RELIABILITY 


measured to less than 0.17 
at temperatures from -85°F to 185°F 


WHAT TYPE OF PRODUCT REQUIRES SUCH SPRING ACCURACY? 


The heart of a precision aircraft altimeter contains a diaphragm and a single torsion 
spring. Specifications of the spring call for the rate to be constant within 0.1% over 
the entire deflection range and at all temperatures between —85°F and 185°F; hys- 
teresis must be below 0.03%; and no measurable creep can be tolerated in 72 hours at 
maximum deflection and maximum test temperature. 


HOW PROOF OF ACCURACY WAS DETERMINED 

Because no equipment was commercially available to measure torsion springs to this 
extreme accuracy, A.S.C. Research and Development Center shared with the customer 
the cost of developing a special tester. Each spring is rotated in hot and cold liquid 
while its torque is balanced against a precision torque wire. Sightings of deflection 
through a transit, connected with the torque wire, are made on a scale mounted 14 feet 
distant. Data obtained from this unique apparatus give the spring user proof that 
each lot of springs falls safely within his ultra-precise limits. 

Subsequently, the equipment has been used to calibrate several other torsion springs 
with ultra-precise specifications. 

While your springs and spring-like parts may not require such precision, here is ample 
assurance that A.S.C. can make your springs with predictable performance in the 
degree desired. 

May we discuss your needs? 


Broad treatment of the subject 
of spring reliability is contained 
in a recent issue of A.S.C.’s 
house organ, The Mainspring. 
Send for your copy. 


Associated Spring Corporation 


Raymond Manufacturing Division, Corry, Penna. B-G-R Division, Plymouth and Ann Arbor, Mich. 


Wallace Barnes Division, Bristol, Conn. and Syracuse, N. Y. 
f. N. Manross and Sons Division, Bristol, Conn. 

Dunbar Brothers Division, Bristol, Conn. 

Wallace Barnes Stee! Division, Bristol, Conn. 

Merchandise Division, Corry, Penna. 


Cleveland Sales Office, Cleveland, Ohio 
Chicago Sales Office, Chicago 46, Ill. 
Ohic Division, Dayton, Ohio 


Circle 225 on Page 19 


Altimeter instrument spring is se- 
cured in tank fixture ready for test- 
ing under simulated operating con- 
ditions. 


Spring is rotated in hot or sub-zero 
liquid and its torque balanced against 
a calibrated wire. 


Minute changes in deflection are 
read through a transit on a scale 14 
feet distant. 


General Offices: Bristol, Connecticut 


Gibson Division, Mattoon, Ill. 

Milwaukee Division, Milwaukee, Wis. 

Seaboard Pacific Division, Gardena, Calif. 
Wallace Barnes Co., Ltd., Hamilton, Ont. and Montreal, Que. 
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Nation's largest manufacturer of 
heavy-duty and specialized engine parts— 


— NeW GOULD-NATIONAL 
ENGINE PARTS DIVISION 





August 31, 1961 


In creating its new Engine Parts Divi- 
sion, Gould-National combined under 
one corporate roof the brands, products, 
services and facilities of these wholly- 
owned subsidiaries: 


Wilkening Manufacturing Co., Philadelphia, 
manufacturers of Pedrick® piston rings 
and castings. 


White Machine Works, Eau Claire, Wisconsin, 
manufacturers of Superior-Arrowhead 
cylinder sleeves, sleeve assemblies, pis- 
tons, piston pins, Burd piston rings, valves 
and valve train parts, foreign car engine 
parts and filters. 


Gillett & Eaton, Lake City, Minnesota, piston 
and casting specialists of cast iron, alu- 
minum alloy, Vanasil® aluminum alloy 
pistons and specialized engine parts. 


Arrow Head Steel Products, Howell, Michigan, 
manufacturers of aluminum pistons, con- 
necting rods and other castings. 


Now, Gould-National, thenation’slargest 
producer of automotive replacement bat- 
teries, is also the nation’s largest basic 
manufacturer of heavy-duty and spe- 
cialized engine parts. The Division is 
the largest one stop source for the most 
complete line of engine parts available 
from one manufacturer. It is the only 
engine parts manufacturer with both iron 


and aluminum casting and machining 
facilities. 

By utilizing the efforts of one combined 
sales force, the customer will benefit from 
greater sales-service efficiency, more con- 
centrated field coverage. 


Product improvement will result from the 
formation of a special team in the Gould- 
National Engineering and Research staff. 
It is the Gould-National way of assuring 
continuing top quality and improved 
product performance. 

New engineering developments, manu- 
facturing and production techniques from 
all areas within the Division will benefit 
all customers, no matter what the prod- 
uct may be. 


This is the Gould-National Engine Parts 
Division—the nation’s newest parts 
manufacturing group with over two cen- 
turies of combined experience. 

Need heavy-duty engine parts? Automo- 
tive engine parts? Foreign car engine 
parts? Parts for such specialized ap- 
plications as air and refrigeration com- 
pressors? Need complete and modern 
facilities for aluminum and iron castings? 
If your specifications call for the best of 
these, if you need them fast and need 
them right ... turn to... 


Superior-Arrowhead and Burd are trademarks of Gould-National Batteries, Inc. 


ENGINE PARTS DIVISION 
GOULD-NATIONAL eatteries. inc. 


St. Paul 1, Minnesota 
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trademarks of Denison Eng. Div., 


DENISON 
740) | wae 


Denison and Denison HydrOlILics are registered 


Get 7 important advantages 
for smooth directional control 
with these NEW 

1%" 5000 psi hydraulic... 


4-WAY VALVES 


Save space, time and cost on exacting directional hydraulic applica- 
tions. You can apply shockless, positive directional control to. any 
hydraulic circuit—by specifying Denison 4-Way Valves. Stem-opera- 
ted, pilot-operated, and solenoid-controlled for systems up to 5000 
psi, these service-proved valves offer these important features for 
reliability and design versatility — 

Shorter solenoid power stroke permits shorter over-all valve length 
to speed response. Denison valves deliver fast, rapid-cycle control of 
flows of 120 gpm. 

Drawn steel solenoid covers are secured to body with internal 
retaining cords. No bulky chains. 

Built-in check valve provides pilot pressure without addition of 
another valve to the system. 

Adjustable pilot chokes assure smooth valving action. 

Subplate, flange or threaded bodies to suit any type of installation. 

Optional lever assembly converts stem-operated valves to 
manual operation. 

Wide choice of spool types and positioning allows handling an 
unlimited range of applications. 

Denison 4-Way Valves also feature large 12" capacity porting* 
ample wiring space * interchangeable parts + built to JIC standards. 
Contact your nearby Denison hydraulic field specialist for details, 


or write direct to— 
WRITE FOR NEW BULLETIN VD-9 


Fully illustrated, gives complete ™ DENISON ENGINEERING DIVISION 


specifications and application data : 
for Denison’s new 14-inch 4-way hydraulic valves. American Brake Shoe Co. 


1240 Dublin Road ¢« Columbus 16, Ohio 


mone: DENISON 
HYDRAULIC POWER 
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Solve your 
high-reduction 
gearing problems 
with Gleason 
HRH* 







Number of Pinion Teeth 


Whole Depth | ht | 0.03595 |0.02859 |0. 02738 (0.04480 |0.03556 a 
Gear Outside Diameter i 

Gear Crown Distance | 0. 10. 10. 10. 10. 0. 10. 10. . 0 0.06969 (0. . 

Gear Face Width | 0. /0.13003 | 0. " 10. 10. 0. 10. 0.12996 |0.12996 |0.12996 [0.11502 |0.00440 
Pinion Outside Diameter | 0: 10. ‘ 0. 0. ; 10. . 5 


Gear Spiral Angle (Deg.) | i 45 | . . 56 | 32. foe [ae [a tan 
Pinion Spiral Angle (Deg.) |Y> | 68.82 | 72.37 | 72.77 | 75.91 | 75.63 | 78.15 | 79. 


Pressure Degrees 


Angles 


If you’re after a quieter transmission, or one that’s more the tables, interpolation between columns gives dimensions 
compact or flexible, it will pay you to look into our High accurate enough for layout purposes. 
Reduction Hypoids. You get the full technical assistance, of course, of our 

The set shown here, for example, gives a reduction of 300 engineering services when you design with these gears. We 
to 1. The action is quiet, smooth and continuous. Because of work with you on the practical design aspects and make pro- 
the high pinion spiral angle you get overlapping tooth action totypes. Then we furnish both machines and tooling for the 
with just one pinion tooth. desired production rate—without royalties. 

You can go to ratios as high as 360 to 1, yet stay within Send along a set of prints of your design and we will be 
tight space limits. That’s because the high- offset principle glad to make recommendations on how to make the gears at 
permits a more compact and flexible unit than the corre- the lowest possible cost. 
sponding worm and wheel. *Trademark for Gleason High Reduction Hypoids 


SIMPLIFIED DESIGN PROCEDURE—The above table shows ye, 
one system for obtaining HRH gear dimensions—quickly and 


easily. To establish approximate details of your particular y Gc LE dh & fe) Ww W oO RQ i< & 


HRH pair—just select values from the table and multiply 
them by the gear diameter in inches. For ratios not listed in Sn 1000 UNIVERSITY AVE., ROCHESTER, NEW YORK 
Circle 228 on Page 19 


LOOKING FOR HIGHER 
EFFICIENCY AND 
LONGER LIFE IN 

RIGHT ANGLE DRIVES? 


Then take a closer look at Philadelphia Spiral Bevel 
Reducers. They'll give you an efficiency 

advantage of 5 to 50% over other types of 

right angle drives . . . depending upon ratios. 
HIGH EFFICIENCY. With efficiencies of 95 to 
98%, spiral bevel reducers will lower your power 
costs . . . reduce the cost of prime movers. 


HEAVY DUTY. The bearings and shafting in Phila- 
delphia Spiral Bevel Reducers are designed for 185% 
overload. Spiral Bevel Gears and Pinions are hard- 
ened after they are cut, then lapped to a mirror finish. 
Helical gearing in multiple reduction units is precision 
hobbed and shaved from through-hardened alloy steel. 
Result: greater load carrying capacity, longer life. 


COOLER RUNNING. Compared to other types of 
right angle drives, Philadelphia Spiral Bevel Reducers 
run cooler. Separate cooling systems are not needed 
for most applications. 
COMPLETE LINE. Philadelphia Gear offers the 
most comprehensive line of Spiral Bevel Reducers 
available — or we can build specially engineered 
units to meet any special requirement. Ratios from 
" 1:1 to 238:1. Single, double or triple 
reductions in either vertical or horizon- 
tal types. Catalog SB-60 gives full selec- 
tion data. Write on your company 
letterhead for your copy. 


philadelphia 
gear drives 


PHILADELPHIA GEAR CORPORATION 
King of Prussia (Suburban Philadelphia), Pennsylvania 
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You cannot afford to ignore 
the New Allen-Bradley 
BULLETIN 709 Starter Line 











S174 aan e)e) 
1% HP, 220 V 
2 HP, 440-550 V 


174 ne) . 
3 174 | 
HP, 220.V 
5 HP, 440-550 V7 HP, 220 V 
10 HP, 440-550 V 


4 





SIZE 4 
50 HP 


SIZE 3 100 HP 


30 HP 
50 HP 


Bie? 5 
15 HP, 220 V 
25 HP, 440-550 V 


220 V 
440-550 ¥ 


220 V 
440-550 V 





SIZE 5 
100 HP, 220 V 
200 HP, 440-550 V 


They OUTPERFORM and 
OUTLAST ALL Others 


These new Allen-Bradley starters bring you 
the greatest advance in reliability and life 
in all motor control history. Also, they 


possess a compactness that’s almost unbe- 
lievable—especially in the higher ratings. 

The new Bulletin 709 solenoid starters 
feature a patented, high-efficiency magnet, 
which is cushioned to reduce shock and 
wear. Contacts are of weld-resistant cad- 


ee 


mium oxide silver. All coils are ‘‘pressure 


molded”’ for protection against physical 
damage and destructive atmospheres. The 
two or three solderpot overload relays are 
trip-free and tamperproof. Brooks Stevens, 
famous industrial designer, has given the 
new enclosures a styling that adds “eye 
appeal”’ to every installation. To get full de- 
tails, contained in Publication 6100, please 
write today to: Allen-Bradley Co., 1316 S. 
Second Street, Milwaukee 4, Wisconsin. 


SIZE 00 NOW 
AVAILABLE 


Provides the same 
long life and reliability 
as others in the Bulle- 
tin 709 family. Rates 
1% HP, 220 V; 2 HP, 
440-550 V. 
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QUALITY 
MOTOR CONTROL 


Here Your Motor Starter 


Dollar Buys 


MORE OF THE 
QUALITIES YOU NEED 





Where else could you possibly obtain—in one complete line—all 
of the desirable features of the ideal motor control... 


- Smaller size Simpler installation 
. Greater reliability Complete accessibility 


6. 
7. 
. Remarkable switching capacity 8. Beautiful appearance — 
. Longer life either open or enclosed ' BULLETIN 709 SIZE 3 
9. across-t 


. Conscientious overload protection Surprising light weight the-line solenoid starter 


in Nema Type 1 enclosure 


The heart of this new line of magnetic motor starters is the unique 
solenoid contactor. While it retains the famous A-B one-moving-part 
principle, it is completely new and far more efficient. This fact is 
reflected in reduced dimensions for all of these controls. Yet, this 
contactor design will perform reliably for many more millions of 
trouble free operations. 

The new enclosures are very “‘eye appealing.’’ When the open type 
starters are assembled into special panels, their neatness and com- 
pactness wili delight the designers. Full details are in Publication 6100. 
Please write: Allen-Bradley Co., 1316S. Second St., Milwaukee 4, Wis. 

















BULLETIN 702 SIZE 3 


three-pole, a-c solenoid contactor 
in Nema Type 1 enclosure. 














BULLETIN 705 SIZE 2 
across-the-line reversing starter 
and overload relays in Nema 
Type 1 enclosure. 











BULLETIN 712 SIZE 2 

combination starter in BULLETIN 715 SIZE 1 

Nema Type 1 enclosure. across-the-line, two-speed 
starter—with two overload re- 
lays per speed—in Nema Type 
1 enclosure. 








QUALITY 
MOTOR CONTROL 
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Original sculpture created for 3M Co. by Guy Palazzola 


THRIFT 


... Save three ways fabricating with 3M Adhesives! 


When a switch from brazing to adhesive 
bonding saves a timer manufacturer $56.37 
per thousand . . . when adhesives replace 
rivets and cut assembly costs 25% for a 
maker of metal containers . .. when a new 
structural adhesive cuts pump assembly 
rejections to nearly zero... can you afford 
not to look into the cost revolution being 
worked by modern 3M Adhesives? 

Save time, money, materials! 3M Ad- 
hesives eliminate hole-making, counter- 
sinking, heat-treating. They bond without 
impairing integrity of structural members. 
No nuts, bolts, rivets, staples, welding, 
brazing. Metal thickness, joint size are re- 
duced. One operation bonds and seals. 
Quality bonuses: bond strength exceeding 
materials bonded, smoother contours, im- 
proved fatigue resistance. 


Circle 230 on Page 19 


You can bond any material to itself or 
another, with 3M Adhesives. Item: tool 
manufacturer stopped costly machining of 
motor end plates from solid bronze, by 
adhering powdered iron discs to aluminum 
castings. Results: lower machining costs, 
increased strength and portability. 

Why not? Let 3M Adhesives help you save 
on production! Fora realistic analysis of the 
cost-cutting possibilities inherent in your 
operation, call your nearest 3M Field Engi- 
neerorwrite:AC&S Division,3M Company, 
Dept. “BR-81, St. Paul 6, Minn. 
“SCOTCH-WELD” is a Reg. T.M. of 3M Co. @3M Co., 1961 








6 


What do you want to bond to what? 
The 3M Squirrel is fabricated of these mate- 
rials and bonded with 3M Adhesives, including 
“SCOTCH-WELD’® Brand Structural Adhesives: 
1. Wood 2. Plastic 3. Aluminum 4. Stainless 
Steel 5. Copper 6. Brass 7. Glass 





ADHESIVES, COATINGS AND SEALERS DIVISION 


Piianesora Jfinine ano ]/fanuracrurine company 


a 
eo «+ WHERE RESEARCH IS THE KEY TO pe 2M 
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a 
Compact, Dependable, Quiet and 
Powerful that’s what The Pfaudler Co. demands of gear 


reducers used for the agitator drives on their 
glassed-steel and alloy mixing vessels. That’s why 
Pfaudler specifies Cone-Drive double-enveloping 
worm gear reducers for their line of TW Agitation 
Drives. 


Cone-Drive gear reducers are available in capaci- 
ties up to 60 HP and with 27 standard output 
speeds from 7.3 to 525 rpm (with 1750 rpm motor). 
Gear reducers can be hollow-shaft or solid shaft for 
left-hand, right-hand or vertical mounting. 


Hollow-shaft gear reducer shown in the appli- 
cation above has a 5” center distance and 30 HP 
maximum rating. Fan cooled models are available 
for increased thermal capacity. If maximum thermal 
HP capacity is required (equal to full mechanical 
HP ratings), water cooling coils may be installed. 


CONE-DRIVE GEARS ovision micHIGAN TOOL COMPANY 


7171 E. McNichols Road e Detroit 12, Michigan @ Telephone TWinbrook 1-3111 
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Be 


extra care for longer valve life! 


The bores of all Valvair Speed King® valves are processed to a 
surface finish of 20 microinches or better...stems are held to 
10 microinches. 


To maintain its established standards of surface finish, Valvair 
precision-machines, then hones every main valve bore... grinds, 
hard-chrome plates, then polishes each stem. Prior to assembly, 
bores and stems are checked with a surface measuring instru- 
ment to be absolutely certain that surface finish meets Valvair’s 
rigid requirements. 


This painstaking attention to product quality is one of the reasons 
for Valvair’s products’ multi-million cycle dependability and is your 
guarantee of Valvair performance and service life. If you stake 
your reputation on the design, construction or operation of air 
controlled machinery, can you afford to use less than the best... 
the most dependable control valve components? Your nearby 
Bellows-Valvair Field Engineer can tell you more about Valvair 
quality and versatility. Call him today. Or, for more information, 
write Bellows-Valvair, Akron 9, Ohio, Dept. MD-961. 


Bellows -\/alvair 


AKRON 9, OHIO 
8174 DIVISION OF INTERNATIONAL BASIC ECONOMY CORPORATION (IBEC) 
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Take a lead from the leaders... 


Three Amchem GRANODINE’ 
Pre-Paint Economy and - 


.# Ow P Our -7 zt 
" Fa a | 4 i q 


& 


All over the country frozen foods are showcased for shoppers in distinc- 
tively styled, colorful Weber display cases. Weber quality production— 
including Granodine pre-paint treatments for steel surfaces—assures 
store operators of refrigeration equipment that will stand up under hard 
wear for years to come. 


1. Solvent-cleaned—panels failed after 100 hours 
of accelerated testing. 


2. Alkali-cleaned—panels failed after 100 hours 
of accelerated testing. 


3. Granodine-treated—panels excellent after 336 
hours of accelerated testing. 
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Phosphate Systems Provide 
Quality at Weber Showcase 


One line alone achieves fuel savings of *9,000 per year; all three lines 
maintained by one operator for added labor savings! 


Versatile Weber Showcase & Fixture Company, Inc., 
headquartered in Los Angeles, places a high 
premium on quality of its diversified line—super- 
market display cases, coolers and fixtures, prefab- 
ricated partitions, flooring and lab equipment to 
mention a few. 


High on Weber’s quality requirement list is pre-paint 
treatment of steel products. And their first choice in 
zinc phosphate coatings is Amchem Granodine. 
Weber employs three separate Granodine phosphat- 
ing lines to process hot- and cold-rolled steel. 


Prime advantage of Granodine, according to Weber 
management, is ““Granodine gives us a better piece of 


merchandise as far as eye-appeal, wearability and 
service life are concerned.”’ Additional savings con- 
tinue to be recorded in time and labor (a single 
operator adequately controls all three lines), and a 
substantial $9,000 annual fuel savings (via use of a 
Granodine cold zine phosphate). 


Take a lead from the leaders. If you fabricate steel 
products—if you want uniform quality in paint 
adhesion and corrosion resistance—if you want per- 
sonalized technical service that adds savings in 
time, labor and cash to your operation, you want to 
investigate Granodine by Amchem. A call to your 
local Amchem Representative will furnish you facts 
and figures. 


*Granodine is Amcher’s registered trademark for its conversion coating chemical used to produce phosphate coatings on steel. 


Weber’s newest Granodine chemical line 
handles steel shelving, !arge cooler boxes 


suspended from conveyor. enters the ‘washer. 


On Weber’s third Granodine chemical line— 
a cold zinc phosphate—Weber Wall Sheet 


Exiting at right from cold Granodine 
washer, Weber Wall Sheets receive 
prime coat spraying. 


GRANODINE 


Amchem is a registered trademark of AMCHEM PRODUCTS, INC. (Formerly American Chemical Paint Co.) 
AMBLER, PA. « Niles, Calif. « Detroit, Mich. ¢ St. Joseph, Mo. * Windsor, Ont. 
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that saves money... 


Faultless 


DURO T 


A i ie 


equipment 


DURO T 
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With Duro/Tred Wheels, your caster maintenance sizes to fit most larger Faultless swivel and rigid 
costs can be chopped considerably. Special proper- industrial casters. Free, fact-filled literature sheet 
ties of polyurethane—strength, resilience, wearing detailing specifications and sizes of Duro/Tred 
quality—mean Faultless Duro/Tred Wheels cut Wheels is available from Faultless or your local 
costly downtime of castered equipment in your Sig» Faultless Industrial Distributor, who 
plant. New Faultless Duro/Tred Wheels are manu- L, stocks a wide range of casters at his ware- 
factured in 5”, 6”, 8”, 10” and 12” diameter wheel QS house for immediate shipment. 


Faultless Caster Corporation 
EVANSVILLE 7, INDIANA Faultless 


Branch Offices in principal cities; see the Yellow Pages of the 
telephone book under "Casters." Canada: Stratford, Ontario. 
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IT’S THE FAST, EASY WAY TO CHOOSE CHAIN. Offer- 
ing you hundreds of standard chains, Link-Belt can 
help you choose the one chain that’s precisely right for 
your power transmisson or conveying application. Each 
chain is as individual as a thumbprint, with character- 
istics mated to specific job needs. And Link-Belt experi- 
ence is at your service—to help you evaluate particular 
performance factors . . . to save you time in choosing 
the one best chain for your application (in terms of high 
efficiency, low total cost). Contact your nearest 





consult a chain specialist... consult Link-Belt | 


Link-Belt office. Ask, too, for catalog 1050 covering the 


complete line of Link-Belt products and components for 


materials handling and power transmission. 


LINKi@}BELT 


CHAINS AND SPROCKETS 


LINK-BELT COMPANY: Executive Offices, Prudential Plaza, Chicago 1, 
To Serve Industry There Are Link-Belt Plants, Warehouses, District 
Sales Offices and Stock Carrying Distributors in All Principal Cities. Ex- 
gees Office, New York 7; Australia, Marrickville (Sydney); Brazil, Sao 
aulo; Canada, Scarboro (Toronto 13); South Africa, Springs; Switzer- 
land, Geneva. Representatives Throughout the World. 15,715 
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A MOTOR 
IS A 
SERIES OF 
CIRCLES 


BRACKET-TO-FRAME 
RABBET 


STATOR FRAME 1.D. 
STATOR CORE DIA. 





AIR GAP 

















+—ROTOR DIA. 
BEARING 0.D. 


JOURNAL DIA. 





all must be accurate and concentric 


In manufacturing Elliott Crocker-Wheeler motors, a dozen critical “circles” are formed accurately and con- 
centrically through unique and extraordinarily precise production methods. The result is exact alignment of 
all parts, true and uniform air gap, free-spinning rotor, quiet, cool, dependable operation. 

@ Elliott Crocker-Wheeler integral-hp a-c and d-c motors—from smallest to largest—are offered in all conventional 
enclosures and modifications; with insulation to suit the application, including G@isp epoxy insulation for use 
where conditions are most severe. wees 


ELLIOTT COMPANY GENERAL OFFICES: JEANNETTE, PENNSYLVANIA 
Fe PLANTS AT: Jeannette and Ridgway, Pa.; Springfield, Ohio 
TURBINES - GENERATORS - MOTORS - COMPRESSORS - TURBOCHARGERS - EJECTORS - STRAINERS - TUBE CLEANERS 
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Steel Thimble Roller Chain—If you are driving a 
mixing drum or other equipment at an inclined 
angle, you can cut wear on chain drive by using 
this Jeffrey “offset” STR type. 


Don’t let work-horse appearance fool 
you...chain is a precision product. Its 
tensile strength, fatigue limit and 
resistance to wear affect the performance 
and life of the equipment you make. 


Jeffrey chain is engineered to provide 
maximum strength with minimum weight, 
but with ample reserve strength to 
withstand sudden and heavy overloads. 


Jeffrey chain makes good products better! 


STR Holiow Pin Chain conveys bread through 
bakery ovens on smooth-running rollers. Conven- 


iently spaced hollow pins provide an easy method 
for attaching trays or other fixtures. 


Steel Knuckle Chain—Movable packer plate inside 
this cylindrical refuse truck is operated by using 
Jeffrey chain as a tension element and driving 
chain from the truck power takeoff. 


if it’s conveyed, processed or mined, it’s a job for Jeffry. 
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Jeffrey engineers will help you design 
for most efficient use of power and longer 
lasting power transmission and 
conveying assemblies. 

Here are some of the many types 
of equipment for which Jeffrey chain 
has been specified: 

e Bakery equipment 

e Bottling machinery 

e Chemical processing 

e Coal washers and jigs 

e Conveying, loading, unloading and 
piling machinery 

e Concrete mixers and pavers 

e Cranes and shovels 

e Earth and rock drilling units 

e Elevating graders 

e Excavators and trenchers 

e Farm machinery 

e Food machinery 

e Glass batching 

e Ice making units 

e Industria) ovens 

e Lumber and sawmill machinery 

e Mining machines 

e Pickling and plating machines 

e Portable gravel plants 

e Refuse collection trucks 

e Road rollers 

e Steel mill machinery 

e Units for washing and drying materials 


The Jeffrey Manufacturing Company, 
798 North Fourth St., Columbus 16, Ohio. 


ONT F-T 
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RAMBLER 


ALUMINUM SIX 


This optional choice engine in 1961 models— Ameri- 
ca’s first die-cast Aluminum Six—is a powerful 
friend-maker for Rambler. It saves 80 pounds 
weight—resulting in easier car handling with ex- 
cellent performance and satisfying economy. 

A VICTOCOR cylinder-head gasket seals this 
fine engine. VICTOCOR’s superior compressible 
and resilient sealing properties are combined with a 
stainless steel bottom layer that provides maximum 
heat and corrosion resistance. 

VICTOCOR’s exclusive metal core-Asbestopac* 
construction dissipates heat build-up . . . reduces 
torque loss . . . and maintains dimensional stability. 
The Asbestopac component retains all coolants. 


*Synthetic rubber-asbestos sheet packing 
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VICTOCOR CHARACTERISTICS 


Low Torque Loss « High Heat Resistance « High Corrosion 
Resistance « High Crush Resistance « High Dimensional 
Stability « Various Gauges Available—as thin as .030-.035 


Cross section above shows how thin steel core is die-formed with 
continuous projections (800 per sq. in.) alternating in each face. 
Victocor sealing element layers, top and bottom, are bonded 
simultaneously, mechanically and chemically, into integral struc- 
ture with core. Deep penetration of core projections increases 
stability and heat conductivity. The stainless steel bottom of gasket 
is formed into the combustion chamber openings. 


WRITE FOR CATALOG NO. 505A 
Available in standard type and modified struc- 
tures, VICTOCOR gaskets have wide adaptabil- 
ity for automotive and industrial machinery 
sealing. Consult your Victor Field Engineer, or 
write on your business letterhead for catalog on 
VICTOCOR and other superior packings. 
Victor Mfg. & Gasket Co., P.O. Box 1333, Chicago 
90, illinois. Canadian Plant: St. Thomas, Ontario. 


¥wrcror .......... 


GASKETS - PACKINGS - 
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OIL SEALS - 
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CLEANS ITSELF-INSTANTLY, THOROUGHLY 


Just slacken tension on the Cambridge Collapsible 
Belt, run it through a cleaning tank, and watch it 
clean itself. Because each cross rod separates 
completely from the spirals, bacteria and odor- 
producing dirt, oils and greases flush away instantly 
and thoroughly. Yet, the Cambridge Collapsible 
Belt gives you all the metal-mesh belt advantages 
you need for fast, thorough processing. 


There is a complete line of Cambridge Belts in 
special and standard metals and alloys to meet your 
specific requirements—custom built in any one of 


Bole Ot-laalelaleles— 
Wire Cloth Co. 
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nine basic weaves to insure the most efficient 
processing. 


Experienced Cambridge Field Engineers—experts 
in their field—are available to discuss your needs 
and help you select the belt best suited to your 
operations. Or, they can offer you sound advice on 
the installation, operation and maintenance of your 
Cambridge Belts. Talk to your Cambridge man 
soon. He’s listed in: the Yellow Pages under 
“Belting, Mechanical”: Or, write for free 130-page 
reference manual. 
ees 


ny 


lie acenssiors i 
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Manufacturers of Metal-Mesh Conveyor Belts, Flat Wire Conveyor Belts, 
Wire Cloth, Wire Cloth Fabrications, Gripper ® Metal-Mesh Slings 
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fh) There’s more than 
Vis") one kind of 


Lind 


i” «< Dynamatic service! 


a folks think of “service” as the help you need when 
something goes wrong. That’s important, of course, and Dynamatic 
supplies it with competent service representatives located in 
principal cities throughout the United States and Canada. In 
addition, around-the-clock seven-days-a-week service is available 
from the factory. 


But there’s another kind of service that’s equally important—the 
service that starts even before you have purchased Dynamatic speed 
control equipment. It’s being able to sit down with your Dyna- 
matic representative, knowing that he has very likely been up 
against a problem about the same as yours before; that he has a back- 
ground gained through years of experience in this specialized field. 


Dynamatic service begins with your first inquiry, includes start-up 
supervision by factory service engineers, and follows through for 
the life of the equipment. 

















a, 


VNAMAT 


® 





Dynamatic produces Eddy-Current 
Drives, Couplings, Brakes, and 
Dynamometers. Also Dyna-torQ 
Magnetic-Friction Clutches, Brakes, 
Clutch Brakes, and Clutch Couplings. 


Send for Illustrated Literature 


DYNAMATIC DIVISION 
ce PC?) MANUFACTURING COMPANY 
3122 FOURTEENTH AVENUE © KENOSHA, WISCONSIN 


ORIGINATORS OF EDDY-CURRENT SPEED CONTROL EQUIPMENT 
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more HAPPY BIRTHDAYS 


for your products... 


when you build in 


RaM MOTOR PARTS! 


Your products may encounter damp or dusty atmos- 
pheres. They may be bumped or dropped. Their 
motors may be overloaded and abused, the switches 
flicked on and off a hundred times a day. Yet cus- 
tomers expect instant, ample power every time. . . 
for years and years! 

Robbins & Myers Series-Wound (Universal) and 
Induction Motor Parts can increase your products’ 
life expectancy, whether you make portable tools for 
farm, home or industry; household appliances; busi- 
ness machines; or other power-driven items. 

R&M engineers will select—or help you select— 
exactly the right size, shape and weight motor parts 


to fit your limitations. Parts are precision-built, using 
modern manufacturing techniques—an outstanding 
example is R&M’s machine-wound armatures (details 
at right). Quality materials assure dependable, long- 
life performance under severe operating conditions 
and high speeds. And, R&M’s high-volume produc- 
tion means low unit cost, to help keep the price of 
your products competitive. 

Standard R&M Motor Parts are available in a large 
variety of mechanical details and electrical charac- 
teristics. Should performance requirements be unique, 
R&M also offers custom-designed parts. Write today 
for Bulletin 445A-MD. 


ROBBINS & MYERS, INC., Springtieid, Onio 


Fractional and Integral HP Electric Motors * Electric Hoists and Overhead Traveling Cranes * Moyno, Industrial Pumps 
Propellair, Industrial Fans * R & M-Hunter Fans ond Electric Heat * Trade-Wind Range Hoods and Ventilators 


Subsidiary companies at: Memphis, Tenn., Pico Rivera, Calif., Brantford, Ontario. 
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ROBBINS & MYERS PRECISION 
MACHINE WOUND ARMATURES 


New R&M armature winding techniques provide longer, 
more dependable service. Coils are wound simulta- 
neously and are exactly identical, assuring identical elec- 
trical and physical characteristics. Coils are uniformly 
positioned and anchored securely. Interlocked winding 
pattern resists conductor and coil end movement.. . 
minimizes abrasion of wire insulation, a common cause 
of high speed armature failure. Maximum coil end ex- 
posure permits greater heat dissipation, prolonging arma- 
ture life. Uniform electrical characteristics reduce arcing 
at brushes, improving commutation and lengthening 
brush life. 


FHP MOTOR PARTS 





Laminated INSUROK® Opens New Design Horizons 


FOR COMPONENTS MADE FROM SHEETS, RODS, TUBES AND FABRICATED PARTS 


Characteristics of Richardson Laminated INSUROK® 
of major importance to material and design engineers 
include: lightweight (half the weight of aluminum), 
remarkable strength to weight ratio, durability, re- 
sistance against corrosion and chemical action, high 
insulating and heat-resisting qualities, and excellent 
machinability. Usually, no additional or protective fin- 
ish is needed. Many grades are specially formulated to 
produce a specific combination of properties for spe- 
cific applications. 


This combination, and wide range, of properties allows 
INSUROK® to outperform and outlast metals and 
other materials in countless applications—mechanical, 
electrical or chemical. 


Our rigid quality control methods and follow-through 
. . . as the one source for manufacturing the laminated 
material to fabricating the finished part is your best 
guarantee of uniform, trouble-free parts. To assure 
précision tolerances, we maintain the most modern and 
experienced tool and die shop. Our Melrose Park, 
Illinois, and New Brunswick, New Jersey, plants pro- 
vide you with complete fabricating service. 


Whenever your product design demands a combination 
of desirable properties . . . investigate INSUROK®. 
It is available in rods, tubes, sheets or fabricated parts 
(including screw machine parts). Contact your nearest 
Richardson Branch Office for further information. It’s 
likely we can help you solve some of your tough 
design problems. 


Write Dept. 10 for free technical data 


Sales Offices In Principal Cities 


2795 LAKE STREET, MELROSE PARK, ILLINOIS 
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... meets every 
spring construction 
requirement 


Samson Spring Wire—an up-to-the-minute product of 
Keystone Steel & Wire Company, with modern per- 
formance characteristics—is available to fulfill every 
spring construction. 

Samson Spring Wire is custom made with the cor- 
rect finish, temper and tensile to fit each se. Users 
like the uniform size and coiling characteristics of 
Samson Spring Wire. 

We invite you to contact your Keystone represent- 
ative for complete details on Samson Spring Wire. 
Call him today—or write direct. 


® Upholstery spring wire, coiling and 
knotting quality 
_ © Upholstery spring wire for marshall 
pack units 
® Special upholstery spring wire for use 
in automatic coiling and knotting 
machines ue: 


© Common lacing wire 
© Special automatic lacing wire 


Keystone Steel & Wire Company 


Peoria 7, Illinois 
WIRE FOR in DUSTRY 








WORSE HEAD® SPECIAL ZINC AND HORSE HEAD ZAMAK ARE PRODUCED? BY 


THE NEW JERSEY 
ZINC COMPANY 


160 FRONT STREET « NEW YORK 36, N. ¥. 
DEVELOPERS OF THE ONLY STANDARD ZINC DIE CASTING ALLOYS IN USE TODAY PRODUCTS 
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The Recruiters 


OE had been pestering his boss 

to be allowed to attend the en- 

gineering convention. How could 
an Engineer keep up with his Pro- 
fession and Broaden his Horizons if 
he didn’t Participate in Society Ac- 
tivities? 

So the boss relented, and Joe spent 
a stimulating three days in the big 
city—but not exactly what he, or 
his boss, had anticipated. 

Joe broadened his horizons, all 
right. The high-pressure recruiting 
boys saw to that. The upshot was 
that Joe’s head was turned; he now 
saw his old boss and his company 
as a bunch of fuddy-duddies. And 
he accepted one of the glittering 
offers of a glamorous new job with 
a brilliant future. 

Although Joe is already disillu- 
sioned with the new job, it will be 
many a long day before his former 
boss will permit one of his valued 
engineers to be exposed to such 
hazards again. 

How many other management 
people, thus burnt, tend to hold 
back their engineers from attending 
meetings and shows? There is evi- 
dence that engineering meeting at-_ 


tendance is suffering because uf this 
situation. 

Yet the opportunity to become 
acquainted with another engineer 
at a meeting has often led to a fruit- 
ful new association. An engineering 
supervisor, attending and participat- 
ing in a meeting as an engineer, has 
an excellent chance to observe up- 
and-coming engineers in a profes- 
sional—and somewhat relaxed—at- 
mosphere. 

Job changes resulting from this 
sort of contact are a normal hazard 
—or benefit—of engineering meet- 
ing attendance. There is nothing un- 
professional about such exchanges. 

Engineers might well resent re- 
cruiting’s interference with the nor- 
mal workings of professional meet- 
ings. Is it too much to hope that, 
as a result of such resentment, they 
will concentrate on the real pur- 
pose of the meeting and the fellow- 
ship of other engineers, leaving the 
recruiters to entertain—and maybe 
hire—each other? 
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develop technical reports to 
uate communication in 


\ 


\ ROBERT G. MURDI 


\ Dept. of Managemen?-fingineering 


» 


Rensselaer Polytechnic Institute 
“Troy, N. Y. 


HE ‘ite and research job is not com- 
plete until it is properly documented. Un- 
fortunately,\.many engineers and researchers 
fail to recognize the most important purpose of a 
report—to disseminate scientific knowledge so that 
others do not have to duplicate research already 
<<fone. Beyond this basic reason for reporting prog- 
ress, achievement, and failure, there are, of course, 
other important business reasons. These include 
customer ,«féquirements, jnternal communication, 
and legal and patent considerations. 
-Ahere are a number of ‘different types of en- 
oo gineering and resea and it is important 
that the prima and nature of each be 
thoroughly -etiderstood. The most important kinds 
of ' yepofts are: 
~ 1, Internal memo, or topical report. 
2. Terminal technical engineering and research report. 
3. Project progress report. 


\ ill 4. Technology or functional progress report. 
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‘ Test-section progress report:’” 
A Summary periodic business Bal 
Ni sos project report. 


+) nee ae se oy <4 out? 


» Internal Memo en ans pv” 23 Ae eR - Base 
Tha purpose of the: titermaf etd is primarily 
to facilitate timely internal‘ communication. It usu- 
ally covers preliminary or tentative results wh 
are needed by other’ “technical groups. 
times called a “topical it may in- 
clude _— of a speci y which are urgently 
d, it may be used to re- 
port some ntefesting but incidental result. 


Style: The style of the internal memo should 
not be restricted. Rather, the writer should be al- 
lowed freedom of expression, the use of idiom, and 
the opportunity to express his opinions. However, 
the writer should not forget that the primary pur- 
pose of the report is to communicate, not to con- 
fuse or to entertain. 

While there should be freedom in style, there 
should also be some restrictions in format. The 
number of scientific reports has been growing at 
an exponential rate until the annual rate is around 
100,000. In one year, over 60,000,000 pages, or 
the equivalent of 465 man-years of round-the-clock 
reading, is being turned out by laboratories and 
research centers throughout the world. It ‘is dif- 
ficult even to keep up with abstract publications 
in some technical fields. All this argues for a stand- 


ardized format, so that readers can quickly deter- - 


mine the subject matter of the report, and whether 
or not it contains information of use to them. A 
topical report might typically have: 

1. A cover, with the following information: An identi- 
fication or serial number, a specific title, the author’s 
name, the company name, and the date. 

2 A title page with a 3 x 5-in. box, Fig. 1. 

3. Routing page, showing distribution of the report. 

4. Table of contents and, if necessary, a list of illus- 
trations. 
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5. Contents, arranged to begin with the purpose of the 
and conclusions. For example: 


incipal test conditions. 
usions (including significance of con- 


Analysis (including analysis of data and dis- 
cussion of results). 
Appendix (data and detailed analytical work). 
Bibliography. 
For an analytical report, the format might be stand- 
ardized as follows: 
Digest Purpose of investigation. 
Principal assumptions. 
Conclusions (including significance of con- 
clusions). 
Bedy Analysis (including all assumptions, analyti- 
cal work, and discussion of results). 
Appendix (data used, and detailed derivations 
needed for main analysis). 
Bibliography. 


Timing: The timing of the internal memo is im- 


Fig.1—Information “box” for title 
page of internal memo. 








portant. Every smali or interesting but 
‘irrelevant discovery not be ‘ssued with fan- 
fare. Deciding factors are: 1. Is the information 
needed by the design group immediately to help 
maintain their schedule? 2. Has work along 
this line of investigation been carried as far as it 
will be? 3. Has a major milestone been reached 
in a long investigation? 
There are three obstacles which frequently stand 
in the way of timely report writing: 1. The press 


PEFGE: 


tact as a means of interchanging technical infor- 
mation. Obviously this is a poor method of dis- 
seminating vital information. 


people who have a need for the information. Often 
the tendency is to send reports to everyone in the 
organization directory. If this were done in every 
case, the cost would be staggering. 

Often, standard distribution lists are established 
for certain types of reports. While this is often a 
timesaver, the lists must be revised from time to time. 


> Terminal Technical Report 


The terminal technical report is a formal final 
report of an investigation or project. Whereas the 
internal memo or topical report covers preliminary 
results, the terminal report is the culmination of 
a scientific investigation or test. It may be circu- 
lated outside the organization to the customer, to 
other divisions within the company, and occasion- 
ally to other companies in the industry. The lat- 
ter is particularly true for reports of work pre- 
pared under government contracts. 


Style: A terminal report is, of course, more for- 
mal than an internal report. This does not mean 
that the writer should try to impress others with 
complicated jargon. Although he is writing for 
people skilled in the art, the report writer should 
try to express himself in clear, straightforward 
language. Most report readers are either lazy or 
busy. If a report is not readable, they may feel it 
is not worth their time to decipher it. 


Format: The form of the terminal report may be 
standardized in the same way as the internal memo. 
Quality of reproduction should be much higher, 


however, because such a report represents the or- 
ganization or the company to outsiders. It should 
be looked upon to some extent as a supplementary 
selling medium. 





Reproduction: Typing may be proportional-spaced 
and justified, where costs are not excessive. Xerox 
and Varityping permit the use of typeset headings, 
or their equivalent, at reasonable cost. The report 
should be printed by a process at least as good as 
offset. Drawings should be prepared by draftsmen 
or technical illustrators. Photographs may be re- 
duced to photo-offset masters, and should be at 
least 120 screen. 


> Project Progress Report 


The progress report has attained widespread use 
with the rise of defense and government contracts. 
At one time, the progress report was a method of 
letting the customer know, at irregular intervals, 
how things were coming along. Now, the progress 
report must come from the engineering and re- 
search group with the regularity of an assembly line. 


Timing: The progress report, when used on large 
projects, may be issued quarterly or bimonthly. It 
is not uncommon, however, to find that the cus- 
tomer requires a monthly report. On smaller proj- 


ects, reports may be required more frequently. 


Form: The format, content, and style are woven 
together in the concept of the progress report, Fig. 
2 and 3. The format may be based upon dividing 
the entire project into tasks, subtasks, and jobs, or 
it may be based upon divisions parallel to engi- 


ut 


management. From time to 
are required as investigations are completed 
ones started. There may be many 
headings if the customer wants to 
on a small segment of the work. 
Both content and style of the progress 
are designed to provide the following information: 


1. Progress made since the last report: If none, why. 
2. Problems encountered, and what is being done 
about them. If nothing has been done, what and 
when something will be done. 

3. Results of tests or analysis, in condensed form. 

4. Significance of these results to technical progress 
and to the schedule. 

5. Adherence to schedule. If schedule is not being 
met, why not, and what is being done to bring 
work back on schedule. 

6. Budgeted costs and costs-to-date, if necessary. 


ally writes a one or two-page summary at the be- 
ginning of each major section. 

The progress report should be thoroughly edited, 
then carefully reviewed by someone who is in tune 
with top-management policy and thinking. This 
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will ensure that the ee reports will present 
continuity of company policy. 


Reproduction: Offset printing on good bond pa- 
per, heavy-paper covers, and good-quality illustra- 
tions should characterize the progress report. Illus- 


continuing long-range invéstigations, whose interim 
results are used by the engineering organization. 
Such research is not directed toward the accom- 
plishment of short-range goals on a specific schedule. 

Progress in technology is likely to be reported on 
a monthly or quarterly basis, Fig. 4. Such reports 
are not, as a rule, subject to close analysis and 
eriticisn: by the customer. The format and con- 
tents are rather loose. The engineer reports the 


results which he thinks are of most interest. Since 
this is a formal report, quality of reproduction 
should be good. 


> Development—Test Report 


Usually, a central test section conducts all en- 
gineering-development tests at the request of vari- 
ous engineering groups. If proper control is to be 
maintained, the test group should submit a month- 
ly progress report to the engineering sections. 


Format and Contents: Each test may be identi- 
fied by a serial number and title. The report on 
each test should include such information as: 1. The 
responsible initiating engineers. 2. The responsible 
test engineer. 3. Estimated cost of the test, cost- 
to-date, starting date and scheduled completion date. 
4. A brief summary of progress. 

The development-test report is an internal prog- 
ress report and economy is the objective. By care- 
ful planning, this report may be prepared by sim- 
ply adding information to old masters each month. 


Timing: The timely issuance of this report is most 
important both from a technical and a cost stand- 
point. Engineering labor costs are unlikely to rise 
rapidly unless a big recruiting program is under- 
taken. However, because of the equipment and out- 
side contract work often necessary in development 


Fig. 4—Table of contents 
for typical terminal pro- 
ject progress report. 
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tests, costs may get out of hand within a few 
months unless careful control is exerted. 


> Summary Business Report 


There are numerous ways in which the gen- 
eral manager or laborutory manager can be kept 
abreast of what is going on in the plant or labora- 
tory: Staff meetings, memos, letters, special reports, 
and informal contacts. However, it is always a 
good idea for each manager on the general man- 
ager’s staff to prepare a one to three-page monthly 
summary of activities and problems in his organi- 
zation. This gives each manager a chance to air 
his accomplishments. At the same time, the gen- 
eral manager and his staff can get a good over-all 
view of the operation. Such a report may be cir- 
culated to company officers. 


> Terminal Project Progress Report 


The terminal report at the conclusion of a ma- 
jor project should be a technical report, not a cost 
and schedule review. People may forget, after a 
time, how much they paid, but they never forget 
how good or bad the product is. 

The terminal report should clearly delineate the 
original goals and the final accomplishments. De- 
velopment problems and their solutions should be 
shown. Assembly drawings of major equipment, il- 
lustrative artwork, and adequate tables and graphs 
should back up the technical story. For a large 
project, this terminal technical report may require 
several volumes. Reproduction should be of high 


quality. 
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It is a mistake to assign an engineer part-time 
responsibility for getting out various engineering 
reports. Skill, talent, and experience are required 
to outline, edit, schedule, co-ordinate, and repro- 
duce a good report. The preparation of reports re- 
quires at least one full-time professional, even for 
a small] laboratory. 

In an adequate report organization, most of the 
following functions should be performed by com- 
pany personnel. Graphics and reproduction may 
have to be sent out. 


1, Co-ordination and planning: Report outlines, evalua- 
tion of necessity for and frequency of reports, de- 
termination of quality, scheduling, accumulation of : 
individual reports to make up progress reports, and 
production planning. 


2. Editing: Checking at the technical level for content, 
clarity, and adherence to policies. Editing of lan- 
guage, grammar, and punctuation for final polish. 


3. Graphics: Photography, technical illustration, draft- 
ing, and preparation of line drawings and graphs. 
Retouching and screening. 


4, Production and Followup: Typing, typesetting, re- 
production of illustrations, selection of covers for 
report, distribution, etc. 


There is no one best way to set up a report 
center. Generally, central typing and production 
facilities are favored. Technical editors may be part 
of a Technical-Publications section of an Engineer- 
ing-Administration group, Fig. 5, or assigned to the 
managers of large projects. 
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"Trombone" hydraulic fitting 
extends and retracts to change length 
during operation. Interconnection of 
the head and rod ends permit fluid 
flow, and balanced areas cancel out 
forces of the fluid pressure. When 
combined with self-aligning end fit- 
tings, the device can accommodate ex- 
tension, rotation, and misalignment. 
Principle employed in a hydraulic fit- 
ting developed by Dumont Engineer- 
ing Co., Long Beach, Calif. 





Scales on a tape provide a 
quick choice of 20 scales for one gage. 
This choice can be used either to 
tailor each of a group of gages to dif- 
ferent operating conditions, or tot re- 
vise the use of the gage after it is in 
service. Principle employed in a pneu- 
matic receiver by U. S. Gauge Div., 
American Machine and Metals Inc., 
Sellersville, Pa. 
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Nylon squeezes lead 
in an expansion-type fast- 
ener. When the screw is 
tightened, the force trans- 
mitted by the nylon ball 
drives a brass plug into the 
tapered end of the cyl- 
inder, and then extrudes 
the lead through slots in 
the cylinder walls. Resili- 
ence of the nylon ball acts 
as a locking device to resist 
loosening of the fastener 
by vibration. Principle em- _ 
ployed in a fastener distrib- 
uted by Douglas Kane Ltd., 
London, England. 
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Slip clutch 

































































1. Normal Operating Configuration  2.Slip Clutch Held Open by Detent Balls 3. Detent Balls Released by Spindle 








Groove-actuated balls control torque and motion of an air- 
driven wrench. When the torque required exceeds the preset value 
determined by the main spring, cam faces on the slip clutch force the 
outer sleeve downward. The detent balls are forced outward into the 
sleeve counterbore by the tapered groove in the spring-loaded inner 
sleeve. Thus, the slip clutch is held open and the wrench output 
stopped. When the wrench is removed from the work, the lower 
spring forces the spindle and the detent balls downward in relation 
to the inner sleeve. The detent balls then move into the groove of 
the inner sleeve, the spring-loaded outer sleeve returns to its original 
position. Thus, the control device is returned to its normal operating 
configuration. Principle employed in an air-driven torque wrench by 
Buckeye Tools Corp., Dayton, Ohio. 








Through-rotor suction 
supplies the impeller of a radi- 
al-flow pump. The motor sta- 
tor is protected from the pump 
fluid by a nonmagnetic sleeve. 
The hollow rotor, supported 
by open webs, turns on a fixed 
shaft. Principle employed in 
a canned pump by Corley Co. 


























Inc., Boonton, N. J. 
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Toggle-controlled valve provides quick 
pressure release. In the closed position, the pop- 
pet valve is held against the seat by a spring- 
loaded, overcenter toggle linkage. To open, 
the linkage is tripped by a solenoid, and fluid 
pressure opens the valve within a few milli- 
seconds. Principle employed in a valve by 
Research Inc., Minneapolis, Minn. 





Rotary pistons alternate 
as reaction member and moving 
member in a hydraulic indexing 
motor. A detent, actuated by 
the pressure oil, holds the piston 
that is serving as a reaction mem- 
ber. After the detent stroke is 
completed, the pressure oil is 
ported to retract the opposite de- 
tent and then to power the rotary 
piston. When the control valve 
is reversed, this cycle is repeated 
for the opposite detents and pis- 
ton. However, the rotary output 
motion continues in the same 
direction. Principle employed in 
an indexing table by Dr-Ing 
Boehme & Co., Minden/Westf, 
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Deflected flanges 
seal a high-pressure pipe fit- 
ting. A slight difference in 
the angle of taper between 
the lips of the seal ring and 
the sealing surface of the 
mating hubs causes the seal 
ring lips to deflect as the 
hubs are brought together. 
Principle employed in a fit- 
ting by Gray Tool Co., 
Houston, Texas. 


Eccentric serrated rings 
permit quick adjustment of radial 
position of a driven disc in rela- 
tion to its driving disc. If the 
discs are positioned so that the 
eccentricity of the serrated rings 
cancel, the centerlines of the discs 
are aligned. If the driven disc is 
repositioned 180 deg, the maxi- 
mum radial offset is produced. 
Intermediate offsets in 0.0001-in. 
increments can be obtained by 
partial rotation of the driven disc 
in relation to the driving disc. 
Principle employed in a tool 
holder by Wadell Equipment Co. 
Inc., Clark, N. J. 





... for parts exposed to 


e high temperatures 
e erosion 

® wear 

® corrosion 


ly. of flame-sprayed coatings to up- 
grade base materials went into high gear just at 
the end of World War II. Commercial and mili- 

tary equipment requirements pushed materials to their 

a complete, limits in melting temperature and in resistance to ero- 


four-section article sion, wear, and corrosion. Today’s space-vehicle needs 
: continue to demand more and more performance from 
covering the... construction materials. 

Many of these rigid requirements have been met 
vA Rod Method by the application of metallic and ceramic surface coat- 
ings. The base —— —— the svat r — 
See of a component, while the coating supplies the specia 

¥ Detonation-Gun Method properties needed to meet stringent surface conditions, 
f “ wi This article describes four prominent methods used 
owder Method to flame spray these surface-protecting coatings. It also 
¥ presents a guide to the selection of materials and the 
Plasma Method design of flame-sprayed parts. 


Circle 18-3 on Page 19 for extra copy. Macuine Dasicn 
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~ ROLAND J. WESTERHOLM 
Product Engineer 

Refractories Div. 

Norton Co. 

Worcester, Mass. 


[ID EVELOPMENT of the patented Rokide process 


(rod method) of flame spraying was based on 
the theory that when the coating material is in rod 
form, the particles have to become fully molten 
before they are released. 

The process uses compressed air to atomize the 
molten oxides and to project them at the work sur- 
face. The high velocity imparted to the oxides im- 
beds, flattens, and assures mechanical adherence of 
the particles on the prepared surface. The compressed 
air also helps cool the work parts, keeping them 
below 350 F. 


Base Materials 


Coatings applied by the rod method are not limited 
to specific base materials. These coatings can be 
sprayed on most rigid materials that can be adequate- 
ly roughened by pressure blasting and that can be 
heated safely to 300 F. 

Base materials that have been coated include: 

Iron Zinc 

Steel Molybdenum 

Nickel-base Graphite carbon 

alloys Ceramics 

Aluminum Glass 

Brass Wood 

Titanium Asbestos 

Lead Certain plastics 


Surface Preparation: Surfaces that are to be coated 
must be absolutely clean and must be sufficiently 
roughened by grit blasting to offer maximum me- 
chanical anchorage for the coating. Additionally, 
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the coating must be applied soon after the roughen- 
ing treatment. Roughening should be uniform and 
should provide a surface with as many re-entrant 


angles and sharp peaks as possible. 
Aluminum-oxide abrasive grit or angular, chilled- 


Photo, courtesy Reaction Motore Div., Thiokol Corp. 


Manned X-15 research aircraft burns up more 
than half of its 16-ton starting weight in 80 
sec. Zirconia coating, 0.025 in. thick,.on thrust 
chamber, throat, and exhaust nozzle of XLR-99 
engine protects these parts from temperatures 
of 4000 to 5000 F. 





Table 1—Summary of Four Flame-Spray Methods 





process 


coating material 





A solid, % to % in. diam 
ceramic rod (the coating ma- 
terial) is supported and centered 
in the special nozzle by three 
spring-loaded balls. The rod is 
mechanically fed into the oxy- 
acetylene flame at a controlled 
rate. Molten oxide particles 
from the rod are accelerated and 
propelled toward the workpiece 
at about 550 fps by compressed 
air (80 psi supply pressure). 


Any ceramic or re- 
fractory material that 
melts (rather than sub- 
limes) and forms drop- 
lets (rather than 
threads). Most work, 
however, has been 
done with aluminum 
oxide, zirconium oxide, 
zirconium silicate, 
chrome oxide, and 
magnesium aluminate. 








Controlled quantities of oxygen, 
acetylene, and suspended par- 
ticles of coating material are ad- 
mitted into the gun chamber. 
Detonation of the mixture by a 
spark heats the particles to a 
plastic condition and propels 
them at a supersonic velocity 
toward the workpiece. 


Formulations of tungs- 
ten carbide with cobalt, 
nickel, or chromium- 
carbide additives, 
chromium carbide with 
a nickel-chromium ad- 
ditive, and aluminum 
oxide. 





Powdered coating material, pro- 
pelled by gravity and a carrier 
gas, is sprayed through the flame 
of a modified welding-type noz- 
zle onto the workpiece. Fusion is 
accomplished by the torch flame 
which contacts the work. This 
process is also used for capillary 
brazing of joints. 


Chromium-nickel and 
tungsten-carbide com- 
positions with boron 
added. 








Tungsten cathode 


[me flame 
Water-cooled copper jacket 


Piasma Method 
(Plasma-Plating), Linde Co. 





A high-current electric arc is 
concentrated and stabilized in the 
controlled atmosphere of a spe- 
cial nozzle. Some of the gas 
(usually argon) flows through 
the arc where it is heated as 
high as 30,000 F and accele- 
rated to supersonic speed. The 
gas forms a highly ionized plas- 
ma jet. Particles of coating ma- 
terial, in powder or wire form, 
are introduced into the plasma 
where they are melted, then ac- 
celerated to a high velocity 
toward the workpiece. The 
work is cooled by jets of CO, 
or air. 
‘ 














iron grit may be used as the blasting medium. Fused 


aluminum oxide is preferable, especially for the 


softer substrates, because the iron grit may con- 
taminate the surface and contribute to rusting and 
consequent poor adherence of the coating. Silicon 
carbide has also been found to be satisfactory as a 
blasting medium. 


Undercoatings: Nickel-chromium and molybdenum 
undercoatings are sometimes used to improve: 1. 
Mechanical adherence. 2. Oxidation resistance. 3. 
Chemical resistance. 4. Thermal-shock resistance. 

Nickel-chromium undercoatings (80 1.i, 20 Cr) 
have been especially successful in field applications. 
Molybdenum undercoatings on very hard materials 
that are difficult to grit blast and on graphite can 
increase speed of bonding as well as improve the 
quality of the bond. 


Coating Materials 


Almost any material which meets the following 
requirements can be applied as a coating: 1. It must 
melt rather than sublime (materials which dissociate 
may not produce a coating). 2. It must form droplets 
rather than threads (glass, for example, makes fibers 
rather than a coating). 

Many materials meet these requirements. Tables 
2 and 3 list the physical, mechanical, thermal, and 
dielectric properties of the five coating materials 
most commonly used. 

It is sometimes necessary to build up the coatings 
into solid ceramic bodies to obtain their properties. 
Properties thus obtained must, therefore, be consid- 
ered only as a guide to the characteristics of the 
materials as coatings. Properties may also vary with 
thickness of coating and may be influenced by the 
laminar structure of the coating. 

Many other compounds and mixtures have been 


Mechanical seal ring for chemical 
pump is spray-coated with zir- 
conium silicate (arrow) to re- 
sist highly corrosive operating 
conditions. The ground ceramic 


surface is used against a carbon 
gland, right, which imparts a 
self-lubricating effect by im- 
pregnating the zirconium-silicate 


Bie, 


coating. 


Photo, courtesy Durametailic Corp. ‘ 
Emissivity and insulating properties of 
sprayed alumina coating (striped areas) 
maintain sensitive electronic compo- 
nents of Explorer satellite at 50 to 86 
F, despite orbital temperature range 
of —150 to +600 F. 


sprayed experimentally. These include such materials 
as fosterite, titania, nickel oxide, cerium oxide, and 
uranium oxide. 





Table 2—Physical and Mechanical Properties of Ceramic Coatings 





Average 


Density Hardness* Porosity 
(gm/cee) (Knoop Scale) (per cent) 


Compressive 


Strength, 
Ambieat Temp. 
(1000 psi) 





3.3 2000 


Chromium 
Oxide 


Magnesium 
Aluminate 3.3 


8 to 12 37 





*Monolithic crystal. 
tThe three values 
$For 0.020-in. thick coating. 
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~ Advantages: Standard coatings applied by the rod 
method have many specific features that contribute 
to their usefulness, They are: 
oe eed, 
® Chemically inert to most corrosive gases and liquids. 
® Good thermal and electrical insulators. 
@ Applicable in thicknesses up to % in. 
@ Extremely hard and' erosion resistant. 
® Applicable to a wide range of shapes and sizes and 
materials. 


EL 
what porous and do not provide complete protection 
against oxidation. However, for low-temperature ap- 
plications, the coatings can be impregnated with 
various resins. 

Coefficients of thermal expansion for the coatings 
are somewhat less than most metals, but the coatings 
do have a flexibility derived from the mechanical 
interlacing of particles. Gradated and laminar 


coatings further improve this property. 


Composite Coatings: Composite spray coatings us- 
ing plastic impregnants or integrated with metals 
can supply useful properties beyond those possible 
with the coatings alone. 

Laminar coatings can improve thermal-shock and 
insulating characteristics, and integrated metal-ce- 
ramic coatings have revealed excellent thermal-shock 


and erosion resistance. Laminar coatings—alternate 
layers of sprayed metal and ceramic materials — 
have shown excellent results in rocket-blast shield 
experiments. 

Gradated construction offers metal and ceramic 
coatings applied simultaneously in continuously 
varying proportions. These coatings achieve a grada- 
tion from all metal to all ceramic in accordance 
with a preselected pattern. 

Impregnated coatings incorporate epoxy, phenolic, 
polyester, or silicone resins with the ceramic coat- 
ings. These impregnants contribute to the char- 
acteristics of the coatings by adding thermal and 
electrical insulation, ablation resistance, strength, 
thermal-shock resistance, and imperviousness. Use 
is limited, of course, to the temperature limitation 
of the resin. Penetration of ceramic coatings up to 
0.030 in. has been achieved by capillary action of 
the various resins. 

In a cyclic oxidation-corrosion test consisting of 
alternate cycles of 16-hr exposures at 950F and 
32-hr exposures to salt spray, an alumina coating, 
impregnated with a silicone resin, withstood a total 
of 600 hr of these alternating conditions without a 
noticeable effect on the coatings. 


Design 


Parts of almost any size and configuration can 
be coated by this method. The limiting factor is often 
the physical equipment for handling the part. A 
limitation exists, for example, on the smallest ID 
that can be coated because of the space needed for 
internal spraying. Pieces having holes less than 2 in. 


in diameter and greater than 2 in. in length are diffi- 


Table 3—Electrical and Thermal Properties of Ceramic Coatings 





Dielectric Dissipation 
Electrical Constant at Factor at 
Resistivity 1000 cps, 1000 eps, 
(ohm-in.) @t0 G00 F 0 to 600 F 


Electricai 
Conductivity 


Thermal 


Specific 
Heat 
(Btu/lb/deg F) 


Coefficient 
of Expansion 
(per deg F) 


Conductivity 
(Btu/hr/sq ft/- 
deg F/in.) 





0.28 
(90 to 3100 F) 


0.2 
(60 to 2700 F) 


0.25 
(70 to 1832 F) 


4.19¢10-¢ 


(70 to 2250 F) © 


5.4x10-¢ 
(70 to 2250 F) 


4.2x10-¢ 
(70 to 1100 F) 


5.0x10-¢ 
(70 to 2000 F) 


4.5x10-¢ 
(70 to 2000 F) 


19 
(1000 to 2000 F') 


15 
(1000 to 2000 F') 


18 (est.) 
(1000 to 2000 F) 


0.8 (200 C) 
0.5 (800 C) 
0.4 (1000 C) 


0.7 (200 C) 
0.4 (800 C) 
0.34 (1000 C) 


0.9 (200 C) 
0.75 (1000 C) 





‘ "Ambient temperature rating. Conductivity increases rapidly above 1200 C. 
_ *&imissivity from total hemisphere, from a coating approximately 0.030 in. thick. 





cult to coat uniformly. 

Wherever possible, the coating procedure is auto- 
mated. If a manually applied coating is necessary, 
tolerances of +0.003 in. can be met. Closer coating 
limits can be produced by grinding. 


Thickness: Ceramic coatings can be sprayed in 
thicknesses of 0.003 t: over 0.125 ‘n. Coatings under 
0.003 in. are not recommended because of the 
difficulty in maintaining uniformity. As coating 
thickness increases, however, the effects of thermal 
and mechanical shock to the coating also increase. 

The rate of coating lay-down depends somewhat 
on the configuration of the piece. Generally, one 
4,-in. diam alumina rod, 24 in. long, will cover 
60 to 65 sq in. of surface, 0.010 in. thick, in 4 min. 


Applications 


Coating selection for an application depends on 
whether the needs are primarily for thermal in- 
sulation, wear resistance, corrosion resistance, elec- 
trical insulation, or for a fastening medium. 

Alumina and zirconia are used predominantly in 
the missile field. Alumina offers the advantages of 
a hard, gas-erosion-resistant material for high-tem- 
perature resistance. It has good insulation prop- 


etonation- 
vy method 


THOMAS C. McGEARY 
Application Engineer 
Flame-Plating Dept. 

Linde Co. 

Indianapolis, Ind. 


F LAME-PLATING (detonation or D-gun method) 
is a patented process used to upgrade standard 
materials with coatings of tough, wear-resistant com- 
pounds—both metallic and nonmetailic. In the proc- 
ess, measured quantities of fuel and particles of coat- 
ing material are detonated in a specially constructed 
gun, somewhat resembling a machine gun, Table 1. 
The molten particles are blasted from the gun and 
imbedded into the surface of the workpiece where a 
microscopic welding action produces a tenacious bond 
at the interface. Successive detonations build up the 
coating material to the required thickness. 
Because of the noise of the process, the gun is 
isolated by double concrete walls insulated with 
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erties and is economical. In the commercial field, 


has found usage in many wear-resistant 
tions such as pump shafts, mechanical seals, 
paper-machinery rotors. 

Chrome oxide, a relatively new coating, has been 
successful as a wear-resistant material. It is a dense, 
black coating with only 4 per cent porosity, capable 
of being ground to fine surface finishes on the order 
of 10 mu in. rms. It outperforms many hard-fac- 
ing materials on applications such as capstan wheels 
and thread guides. 

Magnesium aluminate (spinel) is a new coating 
material that shows promise in the metal-melting 
field. As economical as alumina, magnesium alumi- 
nate provides some of the additional inert features 
of magnesium that have been difficult to incorporate 
in coating systems. 


sound-absorbing materials. Aiming and firing is 
remotely controlled from a panel outside the firing 
chamber. 

Coatings can be applied as needed on selected 
areas of the base material, Warpage, distortion, or 
other physical change in precision parts is mini- 
mized Lecause of the low temperature maintained 
in the base material during plating. Although tem- 
perstures above 6000 F are reached within the gun, 
the part temperature is maintained below 400 F. 


Base Materials 
Materials that can be piated by the D-gun method 


. include steel, cast iron, aluminum, nickel, copper, 


titanium, magnesium, and various alloys. However, 
the hardness and thickness of the base material must 
be sufficient to resist permanent deformation under 
the load and stress encountered. 

In many cases, the material previously used for 
an application can be retained and its surface up- 
graded with the coating. If close tolerances must be 
maintained, the surface can be machined to com- 
pensate for the coating thickness. In many instances, 
a less expensive, more machinable (or otherwise 
more desirable) material can be substituted for the 
original. 

Most parts are prepared for plating by grit biast- 
ing with fine-grain aluminum oxide. The purpose 
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jaws of stainless-steel surgical-needie ho!ter provides 
positive grip and minimizes needle rotation. 


of this operation is not so much to roughen the sur- 
face as it is to remove oxide films. 


Coating Materials 


Whether as-coated or finished, the coatings applied 
by the detonation-gun method, Table 4, have re- 
sistance to wear, abrasion, corrosion, and erosion, 
even under conditions of high temperature, high 


Photomicrograph shows the fine-grain, dense, laminar 
structure of a tungsten-carbide coating (dark area) applied 
to a mild-steel substrate. No voids or oxides are visible 
at the boundary layer. 


load, and lack of lubrication. 

Conventional equipment and abrasives are used to 
refine the finish on the coatings, One common 
method involves precision diamond grinding or dia- 
mond grinding plus lapping; another, off-hand poi- 
ishing with either diamond or silicon-carbide 
abrasives. 

Ground and lapped coatings perform well under 
conditions of fretting corrosion. Finished coatings, 


| 


Table 4—Physical Properties of Detonation-Gun Coatings 





Property 





Wc, 6 
to 8 Co 


WC, 13 
to 15 Co 


Approximate 


Wwe, 15 
to 17 Co 


ition (per cent by weight) 
85 


25 WC, 7 Ni, 
W-Cr carbides 





CrCo, 
15 Ni-Cr 





Hardness 
Viekers* 


Max Gperating Tem- 
perature in Oxidizing 
Atmosphere? (F) 


Coetfictent of Thermal 
Expansion (per deg F) 
Medalus of Rupture 
(1000 psi) 
Meduivs of Elasticity 
€10° pal) 
(per cent) 
Specific Gravity 


Specitie Beat 
{Btu/Ib/deg F) 


Thermal Conductivity 
(Btu/hr/eq ft/deg F/ft) 


Romarks 


1000 
4.0x10-¢ 
(70 to 1000 F) 
67 to 73 
40 


0.5 
14.2 


0.048 


5.3 
(70 to 500 F) 


High wear 
resistance. 


1000 


4.5x10-* 
(70 to 1000 F) 


80 to 90 
36 to 38 


0.5 to 1.0 
13.4 


0.054 


5.3 
(70 to 500 F) 
Excellent wear 

resistance, 

resistance to 
ical and 
shock. 


1000 
4.7x10-¢ 
90 to 100 
34 to 36 


0.7 to 1.2 
13.2 


0.056 


5.3 
(70 to 500 F) 


Excellent wear 
resistance, best 
resistance to 
mechanical and 

shock. 


1000 to 1200 


1400 
4.6x10-¢ 
(70 to 1400 F) 
40 


17 


0.5 
4 10.1 


0.070 


3.8 
(at 500 F) 


Excellent wear 
resistance at 
eievated temper- 
atures. Good cor- 
rosion resistance. 


850 


1800 


6.4x10-¢ 
(70 to 1800 F) 


15 
22 


0.5 
6.54 


0.127 


4.3 
(at 500 F) 


Good wear re- 
sistance at high 
temperatures or 
in corrosive 
media. Resists 
flame impinge- 
ment, 


1000 to 1200 


1200 to 1800§ 
3.9 10-¢ 
(70 to 1832 F) 
22 
16 


0.1 
3.45 


0.196 


0.86 
(at 500 F) 
Excellent resis- 


perature dete- 
rioration, 








*Loed on diamond 


pyramid, 300 gm. 
?Por short durations, considerably higher temperatures can be tolerated in 


in the frat 


will resist flame 


many atmospheres. 
jt at temperatures up to 4000 F for several minutes. 


For example, 


the coating described 


$Maximum operating temperature for aluminum oxide coatings is highly dependent upon base metals used and nature of service. 


Macuine Desicn 





when mated with proper materials, generally have 
lower coefficients of friction than most meial-to-metal 
combinations. Porosity of these coatings is iess than 
1 per cent. As-coated surface smoothness is approxi- 
mately 150 mu in. rms which can be finished to iess 
than | mu in. 


Design 
Coatings can be applied in thicknesses from 0.0005 
to more than 0.010 in. Areas which allow the- par- 
ticles free access are plated evenly, but small holes, 
blind cavities, and deep V-shaped grooves present 
processing difficulties and should be avoided. 
Corners and edges should be free of burrs, Wheth- 
er corners should be left sharp, radiused, or cham- 
fered prior to plating depends on how sharp the 
corners must be after the coating has been applied. 
Where it is necessary to wrap the coating around an 
edge, a minimum radius of 0.015 in. is required. 
Sizes and shapes of parts which have been plated 
are: 
© Long cylindrical parts: 0.2 to 28 in. diam by 102 in. 
long. 
@ Short cylindrical parts: 0.2 to 90 in. diam by 6 in. 
long. 
© Internal diameters, greater than 0.38 in., open at both 
ends; Plating depth is limited to 114 times diameter. 
© Rectangular flat surfaces: 60 by 102 in. 
@ Circular flat surfaces: 0.1 to 90 in. diam. 
© Weight limit: 1000 Ib. 


Generally, the cost of detonation-gun plating is 
greater than methods such as nitriding or chrome 
plating, but for most applications, the additional 
cost is balanced by increased service life, increased 
production (fewer rejects), and decreased down-time 
of equipment. Since the coatings can be stripped 
and the parts replated, replacement expense is low. 


Applications 


D-gun coatings are used in many industries. For 
example, during the development of a turboprop en- 
gine, a severe fretting-corrosion problem was en- 
countered in the sleeve bearings of a torque-meter 
shaft. The best life obtainable with conventional 
heat-treating methods was only 50 hr. Both of the 
two preliminary solutions—carbide sleeve inserts, 
or a complete redesign of the bearings—added weight 
to the unit. Ultimately, the bearing surfaces were 
plated with tungsten carbide by the D-gun process. 
Life was increased to over 1500 hr without any ad- 
ditional weight. 

D-gun-plated plug and ring gages have many 
advantages. Wear resistance is excellent, and edge 
chipping and breakage are minimized. Addition- 
ally, the gages can be made of the identical metal 
that is being gaged. Thus, the two parts have the 
same coefficient of expansion, and the need for a 
constant-temperature room is eliminated. 

Tungsten-carbide coatings solve wear problems on 
automatic knife sharpeners of cloth-cutting machines. 
The power-grinding operation is performed by two 
emery stones that move over the length of the oscil- 
lating knife edge. If guided improperly, uneven 
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blade wear and the wrong width of bevel on the 
knife edge result. The tool-steel guides formerly 
used to insure proper sharpening action lasted about 
two months before being worn beyond allowable 
tolerances. Present D-gun-coated guides provide an 
average life of one year. 

Many applications of these coatings involve cut- 
ting edges that are subjected to intense wear, such 
as pineapple-cutting knives, skiving knives for rub- 


Tungsten-carbide plating of gripper dogs in 
metal-strapping tools increased life fivefold over 
hardened steel dogs. Coating is 0.002 in. thick. 


Grinding samples show four stages of finish 
on tungsten carbide coating. From left to right, 
as-coated finish, 125 to 150 mu in. rms; pol- 
ished with 80-grit rubber silicon-carbide abra- 
sive, 50 to 75 mu in. rms; ground only with 
220 grit diamond wheel, 8 to 10 mu in. rms; 
ground with 220 grit diamond wheel and 
lapped with number 3 diamond abrasive, 1 
to 1.5 mu in. rms. 





paper. In the canning industry, seam- 
chucks, coated with abrasion-resistant tungsten 


HARRY A. HUFF 
Process Engineer 

Air Reduction Sales Co. 
New York 


HE Aircospray (powder-spray) process was de- 

veloped expressly for hardfacing and brazing 
operations in which molten or heated powder met- 
als are sprayed on a base metal through an oxy- 
oo 


process is to deposit 


the 
powder metals on a base 
an incompletely bonded 
be fused to an underlying metal sur- 
in a subsequent heating operation. Thirdly, 
the powder-spray method can be used for brazing. 
_ This discussion concentrates on the first two func- 


laid should be roughened by machining, grit-blast- 
ing, or other abrasive preparation. For best results 
all sharp corners and edges should be rounded 
slightly. 

Generally, powdered alloys used for fused coat- 
ings are hardfacing metals—basically chromium- 
nickel compositions to which boron has been added. 
Other additives such as silicon and phosphorus 
are sometimes used. 

The screen-mesh size of the powder-metals must 
be within the limits of —80/+100. The uniform 
emission, of coating materials by this process yields 
depositions down to 0.003 in. thick. 


carbide, have a life over four times that of the un- 
coated parts, 

In other fields, sintered-metal coring rods, valve 
surfaces, fishing reels, turbine-engine seals, cold- 
forming dies, anvil blocks, and wire-forming man- 
drels utilize the advantages of these wear-resistant 
coatings. i 


Hardfacing coating of tungsten carbide 
and chromium is used on agricultural 
equipment like thrasher teeth for protec- 
tion from earth-abrasion conditions. Coat- 
ing thickness is usually about 0.010 in. 


Alloy coating of nickel, chromium, and 
boron on diesel valve seat provides hard, 
corrosion-resistant surface with low coef- 
ficient of friction. 


Design 


One of the important applications of the’pow- . 
der-spray method is that of depositing and simul- 
taneously fusing powdered metals in narrow bands, 
such as on a thin edge. The coating is deposited 
just ahead of the torch flame, which then imme- 
diately fuses the coating to the surface. Deposits 
as heavy as 0.070 in. can be made in a single pass. 
When heavier deposits are required, a second pass 
is recommended. Dimensional tolerances in the 
range of plus or minus 0.003 to 0.005 in. can be 
held. 

When the powder metals are to be deposited for 
subsequent: fusing, the coating material must be 
put down carefully on the base metal without 
flowing, sagging, or pulling away from the edges. 

7 
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Alloys with wide ranges of plasticity allow such 
deposits up to about 0.070 in. thick. The sprayed 
coatings are then fused to the base material. 

For large parts, preheating to 200 to 300 F is 
often specified to prevent rapid cooling of the sur- 
face being coated. However, since the surface of 
the part may become oxidized, a thin layer of 
powder metal—0.003 to 0.005 in. thick—should 
be deposited before the part is preheated. The thin 
layer then can be fused and any subsequent layers 
can be applied in the usual manner. 


eastnethod 


ROBERT L. WOLFF 
Application Engineer 
Flame-?:«:ting Dept. 
Linde Co. 
indianapolis, Ind. 


PLASMA-PLATING is a patented companion proc- 

ess to Flame-Plating. It is used to upgrade stand- 
ard materials with coatings of exotic metals, re- 
fractory compounds, and other substances. In this 
process, no combustion takes place; the flame con- 
sists of a jet of highly ionized, heated gas (plasma), 
produced by an electric arc, Table 1. 

Two basic types of the plasma-jet device are 
currently used. In one, the arc leaves the nozzle 
of the torch and is transferred along with the gas 
stream to the workpiece. This is the basis for metal- 
cutting. In the second type, the arc is forced into 
and through the nozzle by the gas flow, but it ends 
on the nozzle while the gas continues to flow to 
the work. This is the nontransferred arc device— 
the basis for the Plasma-Plating process. 


Materials 


Almost any base material—even certain rein- 
forced plastics—can be coated. Metal surfaces to 
be plated are often prepared by a grit-blasting oper- 
ation which removes oxide films from the part. 
The abrasive usually used is aluminum oxide. 

Any inorganic solid that melts without decom- 
position can be used as a coating material. Many 
basic coatings have already been established, Ta- 
ble 1, and other coatings of oxides and refractory 
metals are being developed. 

Because plasma coatings can be deposited in 
practically any desired thickness, entire parts can 
be fabricated by this method. The required thick- 
ness is built up on a mandrel formed to the in- 
ternal shape of the finished part, then the mandrel 
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If the powder metals are applied to cold parts, 
fusion of the coating should follow the spraying 
as soon as possible to minimize cracking of the 
coating. 

Recommended grinding allowances for these hard- 
surfaced parts are: 1. For workpieces up to 2 in. 
diam, 0.010 to 0.020 in. 2. For workpieces up to 
6 in. diam, 0.020 to 0.030 in. 

In addition to allowances for grinding, approxi- 
mately 20 per cent should be allowed for shrink- 
age of the metal deposit. 


Tungsten insert, 0.060 in. thick, in graph- 
ite rocket nozzle resists erosion of high- 
temperature, high-velocity exhaust gases. 


Rocket blast-tube liner is fabricated by 
applying 0.045 in. thick tungsten on a 
mandrel which is then removed chemi- 
cally. Diameter at large end is 2.4 in. 


is removed chemically. Thus, intricate shapes can 
be made of materials which are normally diffi- 
cult to fabricate. 

In the as-coated state, tungsten parts have a 
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Gensity of 87 to 90 per cent 

a modulus of rupture of 59,000 
modulus of 24 x 10° psi. 

the coating density to from 

modulus of rupture to 70,000 psi, 
ulus to 44 x 10° psi. Standard eq 
methods can be used to grind, lap, 
coatings when fine surface finishes 


Only those areas which allow the particles of 
coating material sufficient access can be plated 
evenly by the plasma process, Consequently, for 

of parts or mandrels to 
surfaces of revolution or 


parts are used in many applica- 
where thermal and electrical insulation, ther- 


rocket engines, where flame 
5000 to 6200 F are encountered. 
effects of the high-velocity gas (usu- 


grid gage illustrates complexity 

that can be fabricated by the 
process. Wall thickness of cage, 
large vacuum tube, is 0.030 in. 


ally over 5000 fps) at high temperatures, plus the 
burden of solid particles and possible reactive by- 
products, present a particularly severe problem in 
the design of a nozzle which must remain dimen- 
sionally stable throughout the designed firing cycle. 

Graphite materials are used for rocket nozzles 
because of their high-temperature structural strengths 
and other properties. But these materials lack ade- 
quate erosion resistance to meet service conditions. 
Various high-melting-temperature materials offering 
better erosion resistance have been tried as coatings 
on graphite. Pure tungsten has emerged as the 
most effective material for service up to 6000 F. 
Tungsten—alone, or with an undercoat such as 
tantalum—can be applied by the plasma process 
to any grade of graphite. Mechanical bond strength 
is equal to the strength of the graphite. 

Another area of application for plasma coatings 
is in the production of refractory components— 
parts such as crucibles for high-melting-tempera- 
ture materials. These parts are structurally sound, 
dense, and can be made with high surface fin- 
ishes. Crucible wall thicknesses of the order of 
0.040 to 0.060 in. can be formed in shapes other 
than simple cylindrical forms. 


Tips and 
Techniques 





Cutting Magazine Pages 


Removing pages from magazines by means of a 
penknife or scissors is frequently unhandy. A bet- 
ter method is to use a serrated wallpaper cutting 
wheel, such as the Sears-Roebuck “Workmaster,” to 
perforate the pages. The necessary pages can then 
be neatly torn out—W. B. Conover, Defense Elec- 
tronics Div., General Electric Co., Pittsfield, Mass. 
[Or use the handy cards on page 19—Epb.] 


Interpolating Tabulated Functions 


In Tips and Techniques, August 3, 1961, Page 96, 
the first and last equations should be in the form 


F=(1-k)T+kL 


and 
L= (1 — k)f(%o) + kf(2x;) 


where f(x) and f(x:) are the values of the func- 
tion on either side of the required interpolated value. 


Do you have a helpful tip or technique for our o 
readers? You'll receive ten dollars or 

pudlished contribution. Send a 
drawings, tables, or photos to: 
Hditor, MacHINE DESIGN, Penton Bldg., 





Hydraulic Pumps and Motors 


Part 2—Predicting 
performance in systems 


WARREN E. WILSON 


Chairman 


Department of Engineering 


Harvey Mudd College 


Claremount, Calif. 


Pump and motor perfor- 
mance can be predicted 
from basic equations. The 
performance coefficients 
used in these equations 
can be obtained experi- 
mentally, or assumed on 
the basis of the state of the 
art. However, interaction 
of the components will be 
determined by the system 
design. This interaction 
can be described by the 
equations of mechanics 
and conservation of mass. 
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FFECTS of variations in speed, pressure, and 
fluid viscosity must be considered in selecting 
the individual components for use in a hy- 

draulic system. If off-the-shelf items are used, 
their performance capabilities must be evaluated. 
If new components are to be designed, their per- 
formance must be predicted and expressed in usable 
terms. This article presents a method for express- 
ing speed, pressure, and viscosity in terms of the 
nondimensional performance coefficients as explained 
in Part | of this series (Aug. 17, 1961, pp. 138-142), 
and then using these coefficients as selection guides. 


© Basic Relationships 
Pump performance can be expressed by 
C,ApD 
Q = DN eee 
27 
and 
(1+ CO) ApD 
2a 


For fluid motors, the signs shown in the right 
hand side of Equations | and 2 are reversed. 
This linear theory of pump and motor perform- 


T = + CaDpN (2) 


Circle 18-4 on Page 19 for extra copy. 








ance is not completely accurate, since the coef{i- 
cients are not absolute constants. However, for many 
purposes it will predict performance with sufficient 
accuracy and reliability. 

Although performance can be described by graphs 
or tables showing delivery and torque as a func- 
’ tion of speed, pressure, and viscosity, these methods 
are not convenient for analysis and prediction of 
system . Furthermore, the necessary data 
may not be available over a sufficiently wide range 
of variables. 

On the other hand, the values of C,, Cz, and C, 
can be obtained from very meager data and used 
for cautious extrapolation. It is necessary to know 
only the peak efficiency; speed, pressure, and vis- 
cosity at zero dclivery; and speed, pressure, and 
viscosity at peak efficiency. From these, C,, Cg, and 
C; can be computed for any off-the-shelf pump or 
motor. 


@ Coefficient Values 


Experimentally determined values of C, and C, 
are shown in Fig. 1. One group represents pumps 
and motors manufactured prior to 1950; the other 


represents current models. 


Coefficient of Viscous Friction, Cy 


6 


The broken lines of constant values of clearance 
-radius ratio are the lincs on which the points 
would fall if the theory of flow through small pas- 
sages were completely adequate to describe the per- 
formance of pumps and motors. 

During the decade 1950-1960, the slip flow, as 
indicated by lower values of C,, has been reduced 
for many pumps, but C, has increased in most cases. 
The need for operating at higher pressures has 
required designs which have lower values of C,. For 
a given C,, higher pressures and higher speeds are 
compatible if the pump or motor is structurally 
capable of withstanding the higher pressure and 
speed. 

As shown in Fig. 1, three current models have 
combined coefficients C,C, better than 0.001. None 
of the 1950 and earlier models attained such per- 
formance. 

In some cases, desirable (small) values of C,C, are 
accompanied by large values of C,. Tight fits between 
surfaces which experience relative motion result in 
poor overall efficiency although the volumetric effi- 
ciency may be excellent. 

For example, the pump shown in Fig. 1 with C, 
= 2.2 x 10° and Cy = 105 has C, = 0.12. This 
pump was designed for, and obtains, high volumetric 
efficiency at high pressure. Maximum overall effi- 
ciency is 87 per cent. 

Fig. 1 will assist in selecting reasonable values of 




















eter 3 


Coefficient of Slip, C, 


Fig. 1—Experimentally determined performance characteristics of pumps and motors. 
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27UN/A p 
Fig. 2—Pump efficiency as a function of ratio 2rwN/Ap, 


C, and C, in relation to the present state of the art. 
For example, a pump with C, = 10°° and Cy = 


10* is clearly beyond the capabilities of ordinary 


manufacturing methods. 


@ Use of Performance Data 


If complete performance data are available for a 
pump or motor, C,, Cy, and C; can be found by a 
simple analysis of the data. C, can be found by plot- 
ting the slip as a function of AP/» and computing 
the slope of the resulting line. C, can be found by 
plotting torque as a function of AP at constant speed 
and determining the slope of the resulting line. 
C4 is equal to the slope of the line obtained by plot- 
ting torque against »N at constant pressure. 

If complete data are not available, but sufficient 
are available to obtain a curve showing overall ef- 
ficiency as a function of speed and pressure with a 


Nomenclature 


Ca = Coefficient of dry friction, nondimensional 
C; = Coefficient of viscous friction, nondimensional 
C, = Coefficient of slip, nondimensional 
D = Displacement, units of volume per revolution 
Em = Efficiency of motor 
Emm = Maximum efficiency of motor 
E, = Efficiency of pump 
Emp = Maximum efficiency of pump 
N = Shaft rotation, revolutions per unit time 
Ap = Pressure differential, units of force per unit area 
4Pmp = Maximum pressure differential developed by pump, 
units of force per unit area 
Q = Flow, units of volume per unit time 
Qpo = Flow at zero pressure differential, units of volume 
per unit time 
T = Torque, units of distance times force 
Zm = Value of the ratio, 27#N/Ap, at which the maxi- 
mum over-all motor efficiency occurs 
Zp = Value of the ratio, 27#N/Ap, at which the maxi- 
mum over-all pump efficiency occurs 
# = Dynamic viscosity, units of mass divided by length 
and time 
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liquid of known viscosity, the performance coeffi- 
cients can still be determined. Equations required 
C,Ap 


are: 
)/ 1+ 
27aN 


Ez, = 
27pN 
Ca + C; 
Ap 


Bmp =1 / [1+ 0) + 20,04 
(ye) 
s,=0,[ 14+ 414+ et | 
ne [1- (a ea)]/ 
(1+0,."7 ) (8) 
om 


= 
: ] (8) 


eof 9 ae 


1 
fn =0,[ —1+yit 
C,C4 


Equations 3-8 are represented in Fig. 2, Pump 


efficiency will be zero when 2xpN/Ap = 
tor efficiency will be zero when 2xnN/Ap = 
C;)/C4. 

For the pump, C, is the horizontal intercept at 
E, = 0. With this value of C,, and the values of 
Emp and Z, from the plotted data, Equations 4 and 
5 can be used to compute Cy and C;. 

For the motor, the horizontal intercept at E, = 
0 is the value of (1 + C,)/C,. With this value, and 
the values of Z,, and Ems from the plotted data, C,, 
C, and C; can be computed from Equations 7 and 8. 

Since the magnitude of Z,, is affected only slightly 
by C;, it is possible to use Fig. 3 in Part 1 of this 
series to obtain sufficiently accyrate values of C,, 
C4, and C; without resorting to simultaneous equa- 
tions, 

First, the value of C, is obtained from the horizontal 


C,. Mo- 
(1 + 
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intercept at E, = 0 in Fig. 2. The value of C, can 
be obtained directly fiom Fig. 3 in Part 1 if C, and 


The intersection of Za 
coe oan idee : 
73 per cent at Cy = 0.1, En, = 77 per cent a 
0.05, and E,,, = 81 per cent at C, = 0. haere, 
by interpolation, at Emp = 79 per cent, Cy = 0.025. 


@ Use of Coofficients 


Whether the coefficients are assumed on the basis 

of the state of the art and desired maximum perform- 
ance characteristics, or are obtained from experi- 
mental data, they are used in the same way to pre- 
dict performance. 
Basically, Equations | and 2 can be used to pre- 
‘dict component performance, System design will de- 
termine the interaction of the components, which 
can be described by the equations of mechanics 
and conservation of mass. 


Fig. 3—Pump and motor circuit discussed in Example. 
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Fig. 4—Pump delivery as a function of pump pressure. 


Both static and dynamic systems can be described. 
In a static system, input and output are either 
constants or slowly varying functions of time, thus 
eliminating the effects of acceleration and inertia. 
In a dynamic system, the input and output vary 
enough that inertia and acceleration are important. 

Frequently, preliminary design of a system re- 


- quires only moderate accuracy. Thus, assumed values 


of the coefficients will give an adequate qualitative 


prediction of performance. Trends and general char- 
acteristics can be predicted readily. 


@ Example 
A pump is driven by a hydraulic motor which, 


in turn, is supplied by a constant-pressure system, 
Fig. 3. The supply of fluid is ample for the needs of 


the equipment being driven. 
Equation | can be rewritten as: 


D,Ap,(1 + Cyp) 
DmAPm 
D. 
20m» | ( Com .) + Cay | 
P P 
CipDpApy 
27 py 


4PmD m [ (1 — Chm) — 








Qp = 


(9) 


Subscript p indicates pump parameters and sub- 


script m indicates motor parameters. 
Maximum delivery is attained if the pump pres- 
sure differential is zero. Or, 


Qpo = APmDm(1 — Cm) / 
Dn bm ] 
27 My [ ( cam a en ) + Cap (10) 


Hp 
The maximum pressure that can be developed by 
the pump occurs when the delivery is zero. Thus, 


Ap [a Den (1-¢C »|/ 
= Pm —— — Cm 
te4 D, ' 


Dm bm Cam 
i eo [ Ore Pep ( Dy ByC ap 1) | (3) 
If the pump and motor were ideal, (no losses, 
with coefficients C, = C, = C; = 0,) Equation 11 
would reduce to 


(12) 


Values obtained from Equation 9 can be used to 
plot the delivery-pressure characteristic of a pump- 
motor unit. The coefficient values can be either 
assumed or experimentally determined. The delivery- 
pressure curve shown in Fig. 4 is based on the 
values Cy, = Cyp = 0.03, Con = Cap = 10°, C,, 
= 107, P,.Du/2mp, = 107 gpm, Da = Dy, pm = 
bp, and AP,, = 3000 psi. 

Substitution of these values into Equation 9 yields: 


A 
Q» = 48.5 — 50.5 a 


This linear relationship of Q, to Ap, is to be ex- 
pected since Equations | and 2 from which it is 
derived are based on such a relationship. However, 
the prediction of this relationship is difficult, if not 
impossible, unless the coefficient method is used to 
describe performance. 
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TO CONFORM to military spec's, spinner 
weights of 75 grams and 400 grams are 
furnished along with bushings necessary to 
adapt all standard bearings to the instru- 
ment. 








75-gram 
weight 





Ball bearing under test 





Flyweight Spinner 
Provides Torque for 
Bearing Test 


INTERNAL FRICTION of small bearings is quickly and ac- 
curately checked on a hand-held torquemeter. The outer 
race of the bearing is mounted by suitable adapters to a 
flyweight spinner. The inner race is mounted on the 
torquemeter. A spin’ of the weight with the fingers will 
usually give adequate information on the condition of the 
bearing. Dirt will cause noticeable deflections of the sensi- 
tive needle as the spinner slows down to about 20 rpm. 
Full scale readings of 1, 2, or 5 gm-cm are available. Most 
instrument bearings have a resisting torque of between | 
and 2 gm-cm. The tiny torquemeter is built by Power 
Instruments Inc., Skokie, Ill. \ 















































TORSION SPRING connecting shaft No. 1 and shaft No. 
2 furnishes a measure of the reaction torque necessary 
to scale the bearing's output torque. During finger-spin 
test, shaft No, 2 is locked and shaft No. 1 deflects until 
spring torque matches the bearing output torque. 
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Prolonged power-driven tests can be run by mounting 
the bearing on the torque meter and coupling shaft 
No. 2 of the torquemeter to a power source. In this 
case the torquemeter dial spins with the shaft, so a 
stroboscopic trigger is provided for reading it. 
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Flying Crane Almost Lifts 
its Weight in Payload 


WITHOUT COUNTER- 
WEIcHTs, a new §&-ton 
Army crane can hold a 
7-ton load at 10-ft arm 
length. Designers were 
after high lift capability 
in a light crane with low 
profile that could be 
stowed in a  trensport 
plane. The result was the 
15S airborne crane. The 
air-transportable machine 


highway towing at speeds 
up to 35 mph. lt’s built 
for the Army by Koehring 
Co., Milwaukee, Wis. 





INSTEAD of the conven- 
tional steering wheel, a 
stick lever, mounted at 
the driver's left hand, 
guides the vehicle. It 
operates a _  multi-po- 
sition valve controlling 
the hydraulic steering 
cylinder. The lever is 
spring-loaded to return 
to straight forward po- 
sition when released. 
Fourth position on the 
lever, labeled ‘‘tow,”’ is 
used when the crane is 
being towed by another 
vehicle. A relief valve, 
set to operate at 450 
psi, damps out road 
shocks, but lets the 
crane follow the towing 
vehicle. 
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SHIFTING FORK engages spline- 
mounted gears on swing and trac- 
tion shafts alternately. It forms a 
mechanical interlock to keep both 
from being engaged at once. For- 
word or reverse is selected by 
actuating one of two reversing 
clutches (upper drawing). When 
the swing shaft is engaged, the 
same clutches select swing left or 
swing right. Another mechanical 
interlock keeps the two clutches 
from being engaged simultaneously. 





Power from upper 
transmission 
machinery 






























































Vertical swing g 
traction stub shoft 
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Light Beam Measures 


PHOTOELECTRIC gas analyzer takes advantage of the fact that gases alter the 
spectrum of light passing through them by absorbing some frequencies. It 
compares absorption of the gas to be analyzed with that of a reference gas 
whose absorptivity is known. A filter transmits light only in the spectrum 
band where absorptivity of the gas in question is particularly high, Readout 
with photoelectric cell is nearly instantaneous, Fluctuations in the readout 
indicate turbulence in the gas mixture being analyzed. The instrument is 
produced by George C K Withof GmbH, Kassel, Germany. 


IDENTICAL PARALLEL beams of light, produced by a condenser and a 
diaphragm with two holes in it, pass through two cells—one filled with 
a reference gas, and the other with the unknown. A rotating shutter 
alternates the passage of light through the two cells. A focusing lens 
directs the beams to a photocell. As long as the cells react in the 
same way, the photocell produces a direct current with little fluctua- 
tion, Difference in light absorption of the two cells causes a fluctuation 
in the photocell output which can be read, after appropriate amplifi- 
cation, as a concentration of the questioned gas in the measuring cell. 


MOTOR-DRIVEN shutter 
is mounted in such a 
way that total light 
passing in the two 
beams is nearly con- 
stant, thus causing no 
fluctuation in photocell 
output as a result of 
shutter motion. Shutter 
segments and spaces 
are the same size and 
shape. Position of shut- 
ter center is  deter- 
mined by center dis- 
tance between the two 
light beams, and the 
number of segments in 
the rotary shutter. , 























Tape-Controlled Tube Bender 
Forms Prototype As Tape Is Made 


SELSYN-CONTROLLED hydraulic bender produces bends in hard 
steel tubes that are repeatable within 0.1 degree. A rotary 
hydraulic motor furnishes power for the bends, and a dc 
controlled selsyn stops it at programmed position. Simplicity 
of design is maintained by starting all bends in the same 
direction. Each bend cycle, except the first, calls for three 


2 ea 


Sine 


Z mode 


motions: Forward linear motion, rotation, and the bending 
motion. Data for these three motions are tabulated on the 
three banks of a GE-built control console. Each bend is 
made on a prototype before the information is punched on 
tape. The bender was developed for Nu-Era Corp., Rochester, 
Mich. 


Collet clamp ond 


(arrery 
X-motion 


x 


Me, 








MOTION in each of three modes is 
selsyn-controlled for precision and re- 








liability. Rather than depend on flow- 
dividing valves, the designer and build- 
er, Walter P. Hill Inc., provided a sep- 
arate hydraulic pump for each func- 
tion. By doubling up pumps that 
would not be operating simultaneously, 
he was able to use motors for each 
pair rated at only slightly more than 
the horsepower demands of the largest 
pump in the pair. 














RADIUS BLOCKS are installed to match the tube specified for a given job. Hy- 
draulic piston in lower center operates a clamp that is adjustable for tube di- 
ameter. All units on the bending arm (front board) swing up together about 
the radius block when a bend is being made. 
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: ‘Tape Player 
Changes Tapes Automatically 


TAPE RECORDER switches tape spools automatically in much the same way a record 
player changes records. A tape spool from a magazine is fed into the machine; 
leader from the takeup spool catches the end of the tape and threads it through the 
playing head; tug on the finished tape reverses the mechanism for rewind; the leader 
disconnects; and the tape is returned to its storage compartment. Components of 
the system are compatible with present tape players, and the tapes may be inter- 
changed, or present players can be made into changers with a simple kit. The tape 
changer was developed at Armour Research Foundation, Chicago, by Marvin Camras, 
senior engineer. 


LEADERS are permanently fastened to the spools. Newly positioned tape ro- 
tates gently clockwise until a hook on the leader from the takeup spool catches 
the pin in the end of the tape. Tug of the tape reverses the mechanism to 
start the playing cycle. At the end of the cycle another tug reverses the 
mechanism again for rewind. The leader is disconnected automatically and 
the spool returns to its compartment in the magazine. 
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Differential Rotation Produces 
Many Pitches from One Lead Screw 


Cnance in pitch produced by the lead 
screw of a new tapping machine is 
made by gearing the nut to rotate with Pitch change gears 
the screw at a differential rate. Hy- 
draulic torque sensor in the machine A aS 
protects taps from failure due to ex- Idler, ss lll 
cessive chip load. When torque exceeds shaft I 

a preset level, the head backs off, let- ext 

ting chips clear, and then re-enters the ~ 
work automatically. A jog circuit in 
reverse does the job after the torque Gear cluster 
sensor triggers the cycle. 









































M aotor 


shoft 























Hydraulic 
motor 





Lead screw 
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CHANGE GEARS, quickly replaced at the tops of the shafts, de- 
termine quill speed and pitch. Added range is obtained by 
choosing up or down position for the gear cluster. Gears are 
provided for standard pitches from 12 to 32. To use the basic 
lead-screw pitch (12), the change gear is removed from the top 
of the idler shaft. Cluster is placed in up position and the idler 
shaft is locked by turning the idler-shaft dog. Cluster is locked 
in position by a set screw. 


TORQUE SENSOR holds applied torque to safe limits. Chief cause 
of excess torque is chip buildup in the tapped grooves. When 
set torque limit is reached, torque relay stops and reverses the 
motor, backing the tool out of the hole. Jog circuit switches the 
motor back to forward, and the tool re-enters the hole to con- 
tinue cutting. Amount of back-off can be adjusted by setting 
the jog rate control. Multi-Pitch Hydra-Tapper was developed 
by Milman Engineering Co. Inc., Los Angeles, Calif. 
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DC Motor Control 


Part 4—Accessory Devices and Controller Construction 
_ ‘Control Stations _ _ *Mounting Methods 
* Switches _ *Enclosures 
* Resistors _ *Panels 


_ *Brakes _*Component Layout 


J. RONALD WICKEY 
Staff Engineer 

The Clark Controller Co. 
Cleveland, Ohio 


LTHOUGH controller accessory devices oper- 
A ate in conjunction with the motor controller, 
they are usually located separately from it. 
Their main purpose is to originate a_pilot-circuit 
signal which initiates controller action. Some of the 
commonly used devices and their functions are out- 
lined here. In addition, the structural features of the 
controller itself—sizes, shapes, and arrangements— 
are discussed in this article. 


a Accessory Devices 


These devices can be operated manually or be ac- 
tuated by some motion or position of the machine 
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being driven by the motor. Essentially, accessory 
devices are the “operational brains” of a control 
system. They are usually located for operator con- 
venience and many times are found on or near the 
driven machine. However, occasionally some types 
are mounted either on the controller itself or on its 
enclosure. For example, a pushbutton unit, Fig. 1, 
can be mounted almost anywhere. 


Control Stations: It is common practice, when an 
installation requires a multiplicity of accessory con- 
trol and pilot devices such as pushbuttons, meters, 
and rheostats, to place all such devices together on 
a unit assembly and make the appropriate inter- 
wiring. This unit provides a central and compact 
grouping of such devices, logically arranged and — 
within easy reach of the operator. Such an assembly Pushbutton unit 
is called a control station. 
Some control stations, Fig. 2, can be mounted Fig. 2—Pushbutton control station for surface 
directly on a machine. Control stations can also be ™ounting. Units are base mounted so that the 


! : Phe 
wall-mounted or floor-mounted, Fig. 3. A common pire elma pelbionsect — 


Fig. 1—Heavy-duty, oiltight pushbutton unit for panel Fig. 3—One section of a floor-mounted control station. 
mounting. Phantom view with button partially de- Below the rows of pushbutton and pilot-light units is 
pressed shows internal construction. a row of four master switches with pistol-grip operat- 
ing handles. Other sections can be attached to the 
bolting flange at installation. Access doors are located 


at the rear of the section. 
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are in 
tion for best readability. 
Front panel slopes in at 
bottom to provide toe room. 
Removable plates on all 
sides permit access to wiring. 


Fig. 5—Mill-duty cam-oper- 
aied master switches with 
covers removed. Surface 
mounted switch, 4, is six- 
circuit size. Vertical switch 


with base plate for floor 

mounting, 6, is eighteen- 

circuit size. Ir can be mount- 

a in control desk with sea 
Operating handle an 

ger box protruding above 
desk surface. 


Fig. 6—Compact of master switch limited to four cir- 
cuits but suitable ae duty applications. 


variation of the floor-mounted station is the con- 
trol desk in which the devices are mounted on an 
inclined surface, Fig. 4. 


Master Switches: Two types of master switches 
used extensively with dc controllers are shown in 
Fig. 5. Both are cam operated and are rugged and 
versatile devices which can be modified to meet a 
variety of requirements, Usually, the desired varia- 
tion is easily accomplished. 

These types of switches are usually available with 
from one to six positions in either or both directions 
of “throw” from the center position. They may have 
either maintained-contact operation or spring-return- 
to-center operation and are usually available in dif- 
ferent frame sizes. The opening and closing of each 
circuit is independent of all others as the master- 
switch handle is moved. Therefore, almost an in- 
finite variety of open and/or closed contacts can 
be readily obtained. A diagram showing the open 


a: 


or closed condition of the circuits in relation to the 
position in movement of the operating handle is 
usually called the “development” ,or “contact se- 
quence” of a master switch. 

A “junior size” master switch, Fig. 6, also is often 
used with dc controllers. It is mechanically rugged 
and suitable for rough-service applications. However, 
because it has a maximum of four circuits, its use 
must be limited to applications requiring a small 
number of electrical contacts. 

A foot-operated master switch, or foot switch, 
Fig. 7, is o2casionally used with dc controllers. Its 
most common dec application is with a simple con- 
troller which is operated frequently in a repeating 
cycle type of application. The foot switch is usually 
limited to two, or possibly four, contacts. 


Limit Switches: The hatchway type of limit switch, 


MACHINE DESIGN 





Fig. 7—Foot-operated master switch, two-cir- 
cuit size. Contacts and cams are similar to 
those used in compact switch of Fig. 6. 


Fig. 8, is widely used as a general-purpose limit 
switch. It has a spring-return and is usually avail- 
able with two or four contacts. 

The track-type limit switch, Fig. 9, is a main- 
tained-contact device but in other respects is similar 
to the hatchway type. The track type is applied 
where a maintained contact is required or can be 
best applied. 

The rotating-cam limit switch, Fig. 10, is often ap- 
plied when rotating machines are being driven or 
where a rotary motion of the limit switch is pos- 
sible. The switch contacts are operated by rotating 
cams. The cams are usually a split type that can 
be extended or shortened hy an easy adjustment. 
Thus, a wide range of continuous adjustment is 
available for determining the ning and closing 
of the associated contact. This type of limit switch 
is usually available in different frame sizes so that 
the required number of electricdl-circuit contacts 
can be obtained. if 

In some applications a rotating’ limit switch which 
can be adjusted while it is in/motion, and also ad- 
justed from outside the enclosing case, is a decided 
advantage. The limit switch in Fig. 11 can be con- 
sidered a special adaptation of the rotating-cam 
type and can be of value in certain types of auto- 
mated processes. 


Resistors: A broad classification of resistors is the 
power-type, which are intended to be capable of 
carrying large or appreciable currents, and the con- 
trol-type, which are intended to carry only small 
values of current, usually less than 1 amp. There 
is no definite current value at which the two are 
formally separated. This discussion pertains primarily 
to power-type resistors. 

Resistors are made of many different types of 
materials. Generally, the resistor material is an alloy 
with nickel, chromium, copper, or iron as the princi- 
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Fig. 8—Hatchway type of limit switch. Operation « 
lever actuatés*the contacts. A spring returns the 
its normal position. 


Fig. 9—Track-type limit switch. Switch is a 
maintained-contact device which remains in the 
ke st position to which it is actuated. 


Fig. 10—Rotating-cam limit switch. Split, “butterfly” cams 


permit easy adjustment of contact opening and can be 
moved to any angular position to shift the operating range. 
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pal constituent. The resistance value of the alloy 
used should not change appreciably as temperature 
changes. In use, resistors reach a high temperature 
because of the power consumed. It is conventional 
practice to allow resistors to operate at a maximwn 
temperature rise above ambient of 250 to 375 deg C. 

The edgewound resistor, Fig. 12, is made of flat- 
ribbon material wound on edge and supported by a 
core of insulating material. This construction results 
in a rugged and shock-resistant assembly, and the 
edgewound resistor is often referred to as being non- 
breakable. 

The cast-grid type of resistor, Fig. 13, as its name 
implies, uses a cast construction for each resistor 
element. The resistor material is an alloy of steel or 
iron. This type of unit is fragile and should not be 
used in locations subject to great shock or vibra- 
tion. However, the cast-grid resistor is able to absorb 
and withstand high overloads for a short period of 
time and, therefore, has many control applications. 

{ The ventwound resistor, Fig. 14, is a wire-wound 
er type. It is made of round wire wound on a ventilated 
hae ae —- core. The general construction is similar 

resistor assembly. terminal to that for the edgewound type, but its appearance 

= it be _—_ aig org “ce Connected in is. somewhat different because of the shape of the 
made by tecped copper connectors. resistor material and the shape of the support core. 

. ee ; This type is usually used for lower current-rating 
applications and has a correspondingly higher re- 

sistance rating than the higher-current edgewound 


type. 

Another type of resistor unit, the punched grid, 
is somewhat similar to the cast type but is punched 
from flat-stock material. The punched-resistor unit 
is much less fragile than the cast-grid resistor. In 
recent years, the punched-grid resistor has become 
increasingly popular. 


Rheostats: These devices are basically designed 
to be used in the shunt-field circuits of motors or 
generators. When used with a motor, the rheostat 
provides a means for adjusting the speed. When 
used with a generator, the rheostat provides a means 
for adjusting the output voltage. Basically, a rheo- 
stat can be defined as an easily adjusted resistor. 

Rheostats are usually manually operated. How- 
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ever, they can be driven by a pilot-type motor or 
even by chain or gears from some mechanical ac- 
tuating source. 

A heavy-duty field rheostat is shown in Fig. 15. 
Its resistor elements are individual grid-type units 
individually mounted on the supporting insulating 
material. 

The field rheostat in Fig. 16 is a plate type. If a 
fault occurs in some portion of the resistor material, 
it is not practical to repair or replace the damaged 
portion. This type is made in different plate-diameter 
sizes. Two or more plates can be operated in tandem 
from one shaft and handle as a relatively compact 
unit. Plate rheostats are versatile as well as relatively 
economical and find wide use. 


Brakes: Various types of brakes are often neces- 
sary in de motor control. For example, mounting a 
brake on the nondrive end of a double-shaft motor 
is a common procedure. Also, brakes are widely used 
in conjunction with dc controllers to aid in stopping 
a machine or as a holding device to prevent a ma- 
chine from moving when the driving motor is not 
energized. 

Brakes which are mechanically or hydraulically 
operated have no direct operational connection with 
the controller. The magnetically operated brake, 
Fig. 17, receives its operating signal from the con- 
troller. 


@ Controller Construction 


The physical complete entity of a magnetic con- 
troller is made up of a number of contactors, relays, 
and other devices. The protection, support, and lay- 
out of these components and the electrical wiring 
are provided by the controller structure. The shape 
of the over-all structure is determined by the pro- 
posed mounting or location of the controller. 


Mounting Methods: Controllers can be built for 
wall or floor mounting. In addition, they can be 
constructed in special sizes and shapes which can 
be built in or mounted on some particular machine. 
Controllers can also have open construction or they 
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Fig. 16—Rear view of plate-type field aie “The re- 
sistor material is embedded in vitreous enamel. 
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cam be enclosed in a cabinet. 

The use of wall-mounted controllers is limited by 
the size that can be handled and installed. In ad- 
dition, access for maintenance and repair may be- 
eome more difficult as size increases. Therefore, it is 
conventional practice to limit the size of a wall- 
mounted controller to one having a surface area 
of approximately 1500 sq in. 

Wall-mounted controllers are usually enclosed. 
However, it is sometimes possible and practical to 
build a wall-mounted controller of the open type. 

Floor-mounted controllers have the one disadvan- 
tage of requiring an appreciable amount of floor 
space. Otherwise, they are easy to handle and in- 

stell, including the installation wiring, and are satis- 
factory fronf a maintenance standpoint because of 
the accessibility of all components and wiring. Con- 
sequently, floor-mounted controllers are extensively 
used. 


Enclosures: If a floor-mounted controller is located 
in a control room er in some other location reason- 
ably well protected from dirt and mechanical dam- 
age, an open panel is satisfactory. However, in a 
nonprotected area, such as the floor of an industrial 
plant or the runway of an overhead traveling crane, 
the protection of an enclosure is required. 

A controller enclosure has two distinct and basic 


Fig. ee aie tone a dc 
rake. Braking to ere & 

pied by by spring teed 

tion. There 

afe seven sizes 

having wheel diameters 

ranging from 8 to 30 in. 


og? 18—Front, 4, and rear, 


NEMA Class 
DB 


‘ 


functions. The most evident is that the enclosure 
protects the controller from dirt and other atmos- 
pheric conditions, and also from mechanical damage. 
Perhaps not quite so evident is the second and 
equally important function of protecting operating 
personnel from electrically live parts. 

Different types of enclosure construction are neces- 
sary for different types of service conditions. Desig- 
nations and descriptive definitions for various stand- 
ard types of enclosures are outlined in NEMA 
Standards Publication IC 1-1959, Par. 2.68. 

The NEMA Type | general-purpose enclosure is 
probably most generally used. A slight variation, 
known as the Type | with dust seals, is also ex- 
tensively used. Type 5, dusttight, also finds consider- 
able use when the controller must be located in 
an unusually dirty or dusty area. Several other types 
are listed in NEMA, but they are not too often used 
on de controllers. 

Enclosures for floor-mounted controllers are usual- 
ly so built that they can be added to the controller 
as the final stage of assembly. Therefore, the con- 
troller can have the same construction regardless 
of whether it is to be the open or the enclosed type. 


Panels: Dc-controller components are usually de- 
signed to be assembled on a panel or base of insulat- 
ing material. Studs extend through to the rear of 
the panel so that all the wiring is done on the 
rear. In a controller, the component devices are 
grouped and mounted on one or more pieces of the 
panel base material. These panels are then mounted 
on, and supported by, a structural-steel framework. 

If the controller is subjected to unusual vibration 
or shock, there is some possibility of undue breakage 
of panel base material. To alleviate this, it is com- 
mon practice to use a type of construction often called 
“individual slate,” but which might better be de- 
scribed as small-slate or small-base construction. 
Controller components are mounted either individu- 
ally or in groups of two or possibly three on relative- 
ly small pieces of panel base material. These com- 








| 
Fig. 19—Front, a, and 
rear, b, of a panel con- 
forming to NEMA Class 
A construction. 


paratively small units are then mounted on a steel 
frame. 

Recently, devices which are front-connected, and 
usually “dead-back,” have been developed. These 
devices permit steel-panel mounting and front wir- 
ing. The use of this type of construction is expected 
to become more widespread. 

NEMA has also described and defined four differ- 
ent basic classes of panel construction. These are 
covered by NEMA Standard IC 1-1959, Par. 41.02. 

Class D construction is the simplest and is con- 
ventionally considered the “standard” class for dc 
controllers. It is a nonself-supported structure and 
can most simply be described as a picture frame 
on legs, Fig. 18. 

Class C construction is also nonself-supported, 
basically similar to Class D, but with additional 
features. These features include: 1. Addition of a 
floor sill, often called a “channel base.” 2. Exten- 
sion of the panel base material to the floor sill. 
3. Grouped terminal facilities for armature and field- 
circuit incoming leads. 

Class B construction, also nonself-supported, is 
essentially the same as Class C but with provision 
for bracing to a wall. Steel members project to the 
rear from the top of the panel for this purpose. The 
other main feature that is added is a main bus bar 
or cable which acts as a feeder and/or interconnect- 
ing means for the main power supply. 

Class A construction is self-supporting, Fig. 19. 
Essentially, it is similar to the Class B structure 
but with the addition of vertical members at the 
rear of the wall brace to provide a full box frame 
of structural steel. In addition, power-circuit re- 
sistors are mounted in the rear portion of the frame 
and are supported by additional framework mem- 
bers, brackets, or shelves. 

Class A, B, or C construction is ordinarily used on 
large installations such as those for processing lines. 
Classes A and C are most commonly used for this 
purpose. In fact, Class C is usually considered the 
basic construction for processing-line installations. 

NEMA standards for panel class of construction 
do not include dimensional requirements. Obviously, 
the width of a panel must vary, depending on the 
size and number of devices required for the con- 
troller function, A height dimension is usually se- 
lected as a “standard” by each manufacturer. This 
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dimension usually varies between 66 and 90 in. 
A manufacturer might list two, or perhaps more, 
alternate height standards. 

The insulating panel base material upon which 
the controller components are mounted is usually 
slate or ebony asbestos wood, Slate is a natural 
rock product obtained by mining. Ebony asbestos 
wood, or “ebony asbestos,” is a synthetic material 
containing asbestos fiber. It is produced by a heat 
and pressure-molding process. The differences in 
properties between the two materials are not exten- 
sive, and both are widely used for industrial con- 
trollers. Other materials are used to a limited extent. 


Component Layout: In laying out a controller, 
proper electrical clearances must be maintained be- 
tween adjacent devices and between devices and 
framework. Manually operated devices, such as knife 
switches, should be located where they are con- 
venient to the operator. Visual devices, such as 
ammeiers and voltmeters, should be located where 
they can be read accurately. Major devices, such as 
contactors, should be located relative to each other 
so that they operate in a reasonable pattern or se- 
quence and permit power bussing or cable to be 
kept as simple as possible. Such devices as relays, 
which perform similar or sequential functions, should 
be grouped together and/or arranged in the same 
order in which they operate. 

To provide controllers which have correct clear- 
ances and are consistent with each other, a manu- 
facturer usually establishes certain standard and basic 
layout spacings and arrangements for each general 
type of controller. This practice reduces the effects 
of the human element and also ensures that all 
modifications of basic controllers start from the same 
point. A more uniform product is the result. 


Next article in this series will discuss general-pur- 
pose and definite-purpose de motor controllers and 
their applications. 
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OW fast can a system deliver mechanical 
energy? This question may be important— 
but is usually not answered in a conventional 
description of energy devices. 
For example, a 10-hp direct-current motor may 
have a starting torque of 200 lb-in. But this torque 
end horsepower specification doesn’t tell how fast 


the motor can make its power available. At present, 
the inertia of the rotor or the speed-torque curve 
are used as indications of the response of the motor. 
It would be desirable to have a simple means of de- 
scribing the response of energy systems. 

Two parameters are proposed: “Zing” would be 
a measuring of just how quickly a system could de- 
liver its power. “Snap” would indicate the rate of 
zing. 

Relationships between movement, velocity, accel- 
eration, and jerk are shown in the upper part of 
Table 1. Jerk is quite useful in describing shock 
loads. In the same manner, relationships between 
force or torque, work, power, zing, and snap are 
shown in the lower half of Table 1. Average zing 
is defined as the average rate of expending power, 
or the power expended divided by the time in which 
the power was expended. Average snap is defined 
as average rate of expending zing, or the zing ex- 
pended divided by the time in which zing was ex- 
pended. Zing is the scelar product of force or torque 
and acceleration. Generally, the two vectors are col- 
linear; therefore, the magnitude of zing is simply 
the product of the absolute values of the two vectors. 

The concept of zing can be used in many ways. 
For example, when rating centrifuges, it is common 
to give the time for the centrifuge to come up to 
rated speed with maximum load. If a centrifuge is 
accelerated at the rate of 2 rad/sec? under a driv- 
ing torque of 110 lb-ft, the centrifuge would have a 
zing of 220 ft-lb per sec. 

At present, commercial transducers can measure 
torque or force and acceleration. If the output from 
a torque or force transducer is fed to an accelerom- 
eter, the accelerometer output will be proportional 
to zing. With tongue in cheek, one might call this 
transducer a “zinger.” The electrical schematic for 
a strain-gage zinger is shown in Fig. 1. 





Table 1—Kinetic Relationships 








Displacement 





Velocity 





Acceleration 








Jerk 





Relationship 


Rectilinear Pure 
Translation Rotation 
Relationship 
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rad 


rad /sec 


rad/ ‘sec? 


rad/sec? 








lb-ft 
ft-lb ft-lb 
ft-lb/sec 
ft-lb/sec? 
ft-lb/sec® 


ft-lb/sec 
ft-lb/sec? 
ft-Ib/sec® 
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Attaching 
Coil 
Prings 


L. KASPER 
Engineering Consultant 
Philadelphia, Pa. 


ETHOD of attaching a coil spring is influenced by: Cost of pro- 
viding and attaching some kind of anchoring part, ease of at- 
taching and removing sprirgs in close quarters or in a compli- 

cated mechanism, and provisions for adjusting spring tension after a 
spring has been installed. A good rule-of-thumb for design is: Use the 
simplest arrangement that satisfies all requirements. Ideas presented 
here, although they do not cover all conditions that may be encountered, 
should at least provide a starting point from which modifications may 
be devised to fulfill this objective. 
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ATTACHING LOOPS include pierced lug, integral with plate, and 
coarse-pitch large-diameter spring which can't be pulled through slot. 




















BENT-WIRE ANCHORS include cotter pin with ends bent over after 
insertion, and spring wire with bent ends. Spring loop can be removed 
by compressing until ends clear hole. 

















Noise Conversion Nomogram 


JOSEPH |. SCHWARTZ and DONALD C. THOMSON 
Noise Reduction Division 
U. S. Naval Engineezing Experiment Station 
Annapolis, Md. 


NCREASED emphasis on noise reduction by mili- 
tary and commercial activities has generated 
much data on noise and vibration. Noise data 
such as structural vibration measurements are not 
always available in the same terms. Some data are 
reported as displacements, some as velocity level in 
decibels, and as acceleration level in decibels. This 
nomogram provides an easy and reasonably accurate 
conversion from one term to any other. In addition, 
a normal range of values for transducer sensitivity 
is included so that any initial determination of 
velocity or acceleration is simplified. These scales 
also allow the calculation of corrections for trans- 
ducer nonlinearity. 

Units must be consistent. ‘Therefore, if sitaaien 
level in decibels, Ag, is referred to a base of 10°, 
cm (rms) per sec?, then acceleration sensitivity must 
be given as v per cm (rms) per sec? or as v per g 
(rms). See Nomenclature. 

Conversely, if accelerometer sensitivity is given 
as v per cm (peak) per sec? or as v per g (peak), 
then Ag is referred to a base of 10-* cm (peak) per 
sec.2 This caution applies particularly to vibra- 
tion transducers because several ways are used to 
calibrate them. 

Noise in the conventional sense is generally re- 
ferred to as airborne noise. For noise reduction, the 
term “vibration” or “structure-borne vibration” is 
generally used synonymously with noise or structure- 
borne noise. 

Two or more variables must be known to deter- 
mine any other dimension. For instance, accelerome- 
ter sensitivity and its voltage output are required to 
obtain acceleration. Furthermore, frequency must be 
known to convert acceleration to velocity. 

Among the simple relationships that can be solved 
by the Nomogram are A = v/S4, V = v/Sy, D = 
V/, d = 0.3937D, © = 2xf, D = A/w?, and A = 
Vw. More complex relationships include 


Aa = 20 lo Va = 201 
— — 0} 
db 110 , db S10 


r 


Va = Aw + 44 — 20 logig f 
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Example 1: Assume that a velocity-type pickup 
has a sensitivity (Sy) of 38 x 10° v (rms) per cm 
(rms) per sec and the output is 0.0047 v (rms) at 
100 cps. Determine the velocity, acceleration, Ag, 
Va», and the single-amplitude rms displacement. 

So.ution: Draw a line from 0.0047 v through 
Sy = 38 x 10° to intersect the velocity or Vea 
scales. Read V = 0.125 cm (rms) per sec and Vay 
= 102. From that point draw another line through 
100 cps to the acceleration or Ag» scales. Read A = 
80 cm (rms) per sec? and Ag = 98. To determine 
displacement, convert f at 100 cps to w. Finally, 
draw a line from 102 V4 through » to intersect the 
displacement scales at 1.95 x 10 cm (rms)° or 
7.68 X 10-5 in. (rms). 

Example 2: Find the peak single-amplitude dis- 
placement which exists, when an accelerometer with 
an acceleration sensitivity of 63.5 x 10° v (rms) 
per cm (peak) per sec? has an output of 2 inv 
(rms) at 1000 cps. 

SotuTion: Draw a line through points correspond- 


ing to the given voltage and acceleration sensitivity - 


to intersect 31.5 cm (peak) per sec? on the accelera- 
tion scale. Draw another line from 31.5 cm’ per 
sec? through 1000 cps on the f scale to intersect the 
velocity scale at 5.0 x 10° cm (peak) per sec. 
Convert cps to radians per sec. Finally, draw a line 
from 5.0 x 10-* cm (peak) per sec through » to 
intersect the displacement scale. Read a peak single- 
amplitude displacement of 7.9 x 10-7 cm or 3. I x 
{0-7 in. 


REFERENCES 


‘*Acoustical Terminology,"’ ASA 81.1, American Standards Asso- 
” elation, New York, May 25, 1960. 

. “Specifying the Characteristics of Pickups for Shock and Vibra- 
tion Measurement,”’ ASA Z24.21, American Standards Associa- 
tion, New York, Jan. 24, 1957. 

3. ‘‘Noise Measurements of Shipboard Machinery and Equipment,”’ 
Military Stardard 740 (ships), Feb. 6, 1961. 

4. C. M. Harris—Handbook of Noise Control, McGraw-Hill Book 
Co. Inc., New York 

pA RO Peterson. ané 1. 1. Beranch--Haa@beck 0f Motes 
Measurement and Measurement of Vibration, General Radio Co., 
Cambridge, Mass. 


The opinions or assertions are those of the authors and are not 
to be construed as official or reflecting the views of the Department 
of the Navy or the Naval Services at large. 
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Nomenclature 





Acceleration, cm/sec? 
Acceleration level, decibels 
Reference acceleration 

10-3 cm/sec? 

Displacement, cm 
Displacement, in. 
Frequency, cps 

«/20 

Acceleration of gravity 

981 cm/sec? 

Acceleration sensitivity 
Velocity sensitivity 
Velocity, cm/sec 

Velocity level, decibels 
Reference velocity 

10° cm/sec ~ 

Volt 

Angular velocity, radians/sec 
arf 

















Example 1 





























Matching fan requirements and capabilities by use of 


~ 


Fan Performance Indicators 


AS A BASIC aid in the selection 

and design of fans, this article 
presents @ correlation of performance 
data which will satisfy given sets of 
requirements without resort to gen- 
eralities or rules-of-art. 


Specific Speed: Extensively used 
in the fluid mechanics of rotating 
machines, the term “specific speed” 
characterizes a given fan or com- 
pressor design. Specific speed is a 
dimensionless number which is de- 
fined in terms of the fan head, flow, 
and rotor speed at one operating 
point. Expressed in fan variables 
commonly used, specific nae can 

Q% ( fa 


be written 
% 
(AP) % iz) @) 


where fan head has been replaced 
by pressure at a standardized inlet 
air density of 0.075 Ib/cu ft. By 
the use of Equation 1, each point 
on the pressure-flow performance 
curve of a fan can be expressed in 
terms of corresponding specific speed. 
By plotting the static efficiency 
versus specific speed, a useful selec- 
tion curve is obtained. Specific speed 
_ will range from zero to infinitity 
as the fan-performance curve ranges 
from zerc flow to zero pressure. 
However, as shown in Fig. 1, only 


N, =n 





— B 


N. J. LIPSTEIN 
Fluid Mechanics Engineer 
General Engineering Laboratory 
General Electric Co. 
Schenectady, N. Y. 


a narrow band of specific speeds 
corresponds to usable efficiencies. 
This band of values can be used to 
characterize the performance of each 
fan design. 

The value of considering specific 
speed is that within broad limits, 
any fan will operate over the same 
range of specific speeds independent 
of the scale of the fan. Thus, by 
grouping a set of performance re- 
quirements in terms of a required 
specific speed and by comparing 
this with the specific speeds of vari- 
ous fan types, the most appropriate 


2.5 


~ ~ 
oO ao 


Stotic Pressure, AP (in of woter) 
° f 
ao 








l I | 
50 100 150 
Flow through Fan, @ (cu ft/min) 





choice can be made. An example 
of this method is shown in Fig. 2. 

Despite the usefulness of the spe- 
cific-speed presentation, there is no 
assurance that the indicated fan de- 
sign will physically fit into the space 
requirement. 

The generality can be made that 
the fan size tends to be smaller as 
the specific speed increases. This 
statement, however, is of little value 
in comparing fans of roughly the 


same specific speed, 
Specific Diameter: An additional 


Static Efficiency, 7, 
) 
° 


5 





0 1 
10° 10° 10° 


Specific Speed, Ng 


Fig. 1—Conversion of pressure-flow vs. efficiency to specific speed vs. efficiency. 
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parameter is necded to define the 
fan size required to produce the 
desired pressure-flow without ex- 
plicitly considering rotor specd. 
Such a parameter will be called 
specific diameter, 


a ( = : (2) 





D, = a, 


For the purpose of selecting a 
fan to fit in a specified compart- 
ment, it has proved convenient to 
standardize d, as the side of a square 
in a plane perpendicular to the axis 
_ of rotation which will just.enclose 

the fan and housing. With this de- 
finition, fans with and without dif- 
fusers or scrolls may be compared 
and the optimum combination of 
fan rotor and housing determined. 

By plotting specific diameter ver- 
sus corresponding values of speci- 
fic speed, a curve is obtained which 
explicitly describes the ability of that 
fan design to provide pressure and 
flow within the bounds of any space 
or speed limitation. 


Solution Point and Fan Curve: 
The primary use of the specific vari- 
ables N, and D, is in comparing 
fan designs with respect to their 
ability to perform within a set of 
rotor speed and volume restrictions. 

These variables are uniquely 
suited for this purpose because they 
are both separable with respect to 
and linearly dependent on specd 
and size. Examine some of the fun- 
damental rclations of fan selection 
in the N,-D, plane. 

Consider first a single fan design 
in relation to a specificd pressure, 
flow, speed, and maximum charac- 
teristic diameter. By means of Equa- 
tions 1 and 2, these four specifica- 


Nomenclature 





@ = Local speed of sound, fpm 

@ = Rotor diameter, hydraulic diam- 
eter, ft 

d, = Characteristic diameter of fan 


package, ft 
D,-= Specific di gn" 
-= Specific diameter, de = ow 


® = Rotor revolutions per minute, rpm 
N, - Specific speed 
4P = Static pressure developed by fan, 
in. of water 
Q = Volume flow through fan, cfm 
% = Static efficiency 
p= Weight density, Ib/cu ft 
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tions convert into a single point in 
the N,-D, plane. This point is then 
compared with the fan design also 
plotted in the N,-D, plane to deter- 
mine if the design’ is applicable. The 
method is illustrated in Fig. 3. 

If the specification point falls 
below the fan-design curve, a 
solution with this design is not 
obtainable. However, if the solu- 
tion point falls on or above the 
fan curve as in Fig. 3, the fan de- 
sign in question will meet the re- 
quirements. When the solution 
point falls on the fan curve, the 
characteristic diameter of this par- 
ticular fan design is just equal to the 
maximum which was specified. If 
the solution point is above the fan 
curve, the fan diameter will be less 
than the specified maximum. 

Since D, is directly proportional 
to fan diameter, the required fan 
size is obtained by a simple propor- 
tion of the D, intercept along the 
fan curve to the D,o solution point 
value. Using values corresponding 
to Fig. 3, 


D, (intercept) 
D 30 


6 X 10-2 
7.93 X 10-2 


demin = Geo 
= 0.756 


In this example, the solution was 
determined by the intercept of a 
constant specific-specd line through 
the solution point and the fan curve. 
This method will yield the smallest 
fan of the particular design family 
which, when operating at the de- 
sired rotor specd, will meet the 
pressure and flow specifications. 

If, rather than the smallest fan, 
the fan running at the lowest speed 
is desired, then the solution is given 
by the intercept of a constant D, 
line through the solution point with 
the fan curve. The fan prorated 
from this point will be just equal 
to maximum specified size and will 
run at the lowest speed which can 
develop the desired performance. 
The minimum speed can be found 
immediately by the ratio of the in- 
tercept to solution-point specific 
speeds times the solution-point rotor 
speed. For the example in Fig, 3, 


N, (intercept) 
Ni 

1.7 X 104 

2.55 X 104 


Nmin = M0 


= 3450 


= 2306 


ae 


Q = 300 CFM 
| OP ot p*O.07S*i5 WATER 
n * 1400-1600 


N = (1.80-2.04) 210°* 
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Fig. 2—Fan selection based on efficiency 
at design specific speed. 
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Fig. 3—Comparison of system require- 


ments with fan lormance. 


The examples illustrate the man- 
ner of determining the smallest size 
or lowest speed fan of a given de- 
sign which will deliver a certain 
pressure flow. Intermediate solu- 
tions between these extremes can be 
obtained by prorating any point 
along the fan curve between the 
horizontal and vertical intercepts 
through the solution point. 


Square-Law Resistance: In many 
fan applications, the load approxi- 
mates a square-law resistance. That 
is, the pressure required by the load 
is proportional to the square of the 
flow. The flow through the fan 
and load system stabilizes at the 
intercept of the fan and load curves. 

In the N,-D, plane, the load line 
is simply a straight horizontal line 
(at constant D,). The D, value for 
the entire line can be determined 
by inserting the pressure and flow 
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requirement for any one _ point. 
Values along the line at lower spe- 
cific speeds correspond to higher 
flows through the load and at higher 
specific speeds to lower flows. 

A frequent fan problem involving 
a fixed load is the desire to obtain an 
increase in flow starting from some 
base point. It is assumed that a fan 
has been tested and the fan-per- 
formance curve as well as the oper- 
ating point with the system load is 
known. Fig. 4 illustrates the geom- 
etry in the N,-D, plane. 

There are in general three meth- 
ods of increasing the flow through 
the load: Increasing the fan size, 
increasing the fan speed, or chang- 
ing the fan design. Consider each 
in turn. 

Since D, and fan size are directly 
proportional, an increase in fan 
size simply shifts the constant D, 
load line a corresponding increment, 
Fig. 5. The load line now intercepts 
the fan curve at a lower than origi- 
nal value of N, which indicates an 
increased flow. . 

If it is possible to increase the 
rotor speed of the original design, 
the system flow will increase in di- 
rect proportion to the rotor speed, 
Fig. 6. Since the location of the 
load line is independent of speed, 
the interception of the load line 
and fan curve remains constant with 
speed. Thus N 1= N,2, and ny/No. 

If it is not possible to increase 
rotor speed or fan size, an increase 
in flow requires a superior fan de- 
sign. By comparing several fan de- 
signs in the N,-D, plane the fan 

uve which intercepts the load line 
at the smallest value of specific 
speed will give the highest flow, 
Fig. 7. 

ASME Paper No. 61-Hyd-6 “A Corre- 
lation of Fan Performance for Solving 
Selection Problems,” presented at the joint 


ASME-EIC Hydraulic Conference, Mon- 
treal, Canada, May, 1961, 12 pp. 





Technique for 
Compensation 

G. PS Thaler, J]. D. Bronzino, and 

D. E. Kirk, U. S. Naval Postgraduate 

School, Monterey, Calif. 
Design of feedback compensation 
for feedback control systems. Design 
is reduced to an equivalent problem 


in cascade compensation by the use 
of simple, block-diagram manipu- 
lation. - In conjunction with this 
block-diagram manipulation, the use 
of the root locus method provides 
a particularly convenient means of 
analysis and design. For simple 
systems, these methods permit 
derivation of simple equations as 
for the tachometer. For more com- 
plex systems, the choice of a com- 
pensation path and a suitable com- 
pensator is simplified and placed 
on a more logical basis. Nonlinear 
systems may also be treated with 
this technique. Design of linear 
compensators for nonlinear systems 
is also feasible. 

AIEE Paper No. 61-752, “Feedback 
Compensation, a Design Technique,” pre- 
sented at the AIEE Summer General 
Meeting, Ithaca, N. Y., June, 1961, 10 pp. 


Copper-Beryllium Strip 

At High Temperatures 

K. G. Wikle and N. P. Sarle, Brush 

Beryllium Co., Elmore, Ohio 
Investigation of the effects of expos- 
ing hardened (AT and HT) copper- 
beryllium alloy 25 (1.91 per cent 
beryllium, 0.26 per cent cobalt) at 
temperatures from 100 to 1150 F 
for 0 to 120 hr. 

This alloy demonstrates good sta- 
bility of tensile properties up 
through 500 F for the time periods 
investigated, and this could be con- 
sidered as a limiting service tempera- 
ture for exposure and use up to 100 
to 120 hr. As discussed, it would be 
necessary to use stress levels signifi- 
cantly below the short-time tensile 
yield strength or proportional limit 
in order to avoid excessive creep or 
the possibility of creep-rupture. 

Reheating hardened strip from 
100 to 600 F caused a renewal of 
precipitation strengthening effects in 
both AT and HT material and a 
possibility of strain hardening dur- 
ing testing of AT material up to 
600 F. The original and induced 
hardening limited elongation up to 
600 F. The AT material was strong- 
er than the HT material above 700 
F, 

This work further demonstrated 
that maximum hardening can be ac- 
complished either by long-time aging 
at about 500 F or possibly by a 
shorter double-aging treatment. 
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WIN THIS CONTEST! 


John, why should 


we specify 


Amweld Rings? 


CONTEST ENTRY BLANK: 


Well, Bob, 


*K imagine you’re John! Write your answer to this question in the contest 
entry blank above, with your name and address or on your company’s letterhead 
and mail to AMWELD. For your interest, you'll receive a FREE set of Chinese 
Linking Rings (favorite trick of magicians for centuries, and one sure to delight 
your family and friends). We'll be happy to award a dozen Titleist Golf Balls for 
the best answers received! Here are a few hints: 


Amweld flash butt-welded rings reduce input 
material —save machining time. The basic 
process of developing a ring on a 3-roll 
former or bending arc-by-arc under dies is 
less complicated and costs less than other 
methods. Unnecessary metal is eliminated in 
the fabrication of your rings because flash 
butt-welding permits the use of closely toler- 
anced mill bar stock which is close to your 
finished dimensions, meaning you have less 
material to machine away! 


In Amweld flash butt-welded rings, the weld 
is as strong as the parent metal itself! Tensile 
tests conducted on thousands of rings prove 
conclusively that in most cases the weld area 
is at least 97% as strong as the parent metal. 
And in many cases, the weld strength exceeds 
that of the rest of the ring! Flash butt-welding 
produces a forged joint—no filler material is 
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added, thus the weld area is composed en- 
tirely of parent metal. 


Extruded and mill-roiled sections can save up 
to 70% of material costs! Flash butt-welded 
rings fabricated from extruded and mill-rolled 
shapes that approximate the contour of the 
cross section of your finished part can offer 
substantial savings when quantities permit. 
These savings are further reflected in the 
elimination of many costly machining hours. 


Amweld saved its customers over a million 
dollars last year! Amweld flash butt-welded 
rings may now be giving other companies in 
your field a competitive advantage! Today, 
many manufacturers are getting greater prod- 
uct profits through continued use of Amweld 
rings in such industries as construction equip- 
ment, motors and generators, fabricated metal 
plate work, mechanical power transmission, 


Circle 251 on Page 19 

















transportation and materials handling, and 
many others. You can’t afford not to investi- 
gate Amweld! 


P.S. For further help in writing John’s answer, 
send for the new Amweld products catalog. 
Or if you have something more specific in 
mind, don’t hesitate to send your specifica- 
tions, a blueprint, or a sketch, so Amweld can 
quote for your cost evaluation! 


(AMWELD 


INDUSTRIAL PRODUCTS 


The American Welding & Manufacturing Co. 
906 Dietz Road, Warren, Ohio 
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Series “A” 


Forged steel, lube-tight 
gear couplings 


Both hubs and sleeves of these rugged Waldron standard ‘‘Series A"’ 
couplings are made of forged steel, and the two one-piece cover sleeves 
function as a single unit. There are no flexible parts to bend or break. 
At the same time, the grease-tight, patented Walflex seal is placed where 
the pressure is least, to prevent lubrication problems. You can get prompt 
delivery of any of the sizes listed below. Write for bulletin S-1000. 


Size and Max. over _ HP/100 Max. 
nominai bore bore rpm rpm 


1M4A 1% 6 12,000 
2A 2% 21 10,000 








DESIGN ABSTRACTS 











2%A 2% 45 9,000 
ee: 3% 87 7,500 
3A 3% 150 6,500 
4A 4% 225 6,000 
4A 4% 365 5,300 
5A 5% 525 4,700 
5A 6 717 4,300 
64 6% 962 4,000 
7A 7% 1137 3,300 


























WALDRON-HARTIG, Box 791, New Brunswick, N. J. 5 
a division of Midland-Ross Corporation Ny =| 


WALDRON 


Makes it easy to pick the right 


oupng 
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Combinations of hardness and duc- 
tility to provide improved toughness 
should be accomplished by overag- 
ing at 700 to 800 F. 


ASTM Preprint No. 79, “Properties of 
Hardened Co; per Beryllium Strip after 
Exposures to Elevated Temperatures,” pre- 
sented at ne 64th Annual Meeting, At- 
lantic City, N. ]., June, 1961, 20 pp. Pre- 
print price, 50 cents. 


Hot Hardness of 
Aluminum Compounds 


E, R. Petty, Aluminum Laboratories 
Ltd., Banbury, Oxon, England 


Results of tests on 21 binary inter- 
metallic compounds of aluminum 
from room temperature to 600 C: 


1. The hardness of some intermetallic 
phases has been shown to correlate 
with their melting temperature and 
heat of formation, all these proper- 
ties no doubt being related to the 
strength of the interatomic bonds and 
crystal structure. 

2. It has been shown that hardness 
and brittleness are not synonymous 
and that there is scope for the 
quantitative study of brittle be- 
havior in intermetallic compounds. 
The brittleness of various silicides 
and borides increases with the inter- 
atomic bond strength. This may also 
be true for intermetallic compounds 
generally. d 

. The hardness resul 
phases have showr: that there are 
two important grouts from a practi- 
cal viewpoint: This: that remain 
hard and brittle up:to 500 C, and 
those that become soft ‘and relatively 
plastic at intermediat; temperatures. 
This allows the bekavior at elevated 
temperatures of alloys containing the 
different phases to be predicted. 


Institute of Metals es No. 
“Hot Hardness and Other Properties of 
Some Binary Intermetallic Compounds o; 
Aluminum,” Journal of the Institute of 
Metals, Vol 89, 1960-61, pp. 343 to 349. 


on intermetallic 





TO OBTAIN COPIES of papers or arti- 
cles abstracted here, write directly to: 


AIEE—American Institute of Electrical En- 
rr 33 West 39th St., New York 18, 

pers 50 cents to members, one 
dollar to ahinhaiaets 


ASME—American Soci of Mechanical 
Engineers, 29 West St., New York 
18, N. Y., papers 50 cents to members, 
one dollar to nonmembers. 


ASTM—American Society for Testing Ma- 
terials, 1916 Race St, Philadelphia 3, Pa. 


The Institute of —— 17 Belgrave 
Square, London S.W. 1, England. 
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Electronic Transformers 


Advantages of electronic transformers 
for military applications are pointed out. 
Contains sections on stock models. Effect 
of design parameters on construction is 
included, along with a table and diagrams 
showing the characteristics of common 
rectifier circuits. Bulletin GEA-712], 28 
pages. General Electric Co., Schenectady 
5, N. ¥. 

Circle 501 on Page 19 


Rotary Pumps 
Provides information on Series K 
pumps, including updated engineering de- 
tails and performance charts for ten sizes 
of Series K units. Also contains data on 
Series KE units. Revised Bulletin F-4176, 
8 pages. Roper Hydraulics Inc., Com- 
merce, Ga. 
Circle 502 on Page 19 


instrument Gages 


Includes detailed descriptions of com- 
pact, easy-to-read V5 gages for indicating 
draft, pressure, differential gas pressure, 
and temperature and pneumatic impulses 
from transmitters. Discusses diaphragm, 
bellows, and helix types. Bulletin 321.11, 
12 pages. Republic Flow Meters Co., 
2240 Diversey Parkway, Chicago 47, Ill. 

Circle 503 on Page 19 


Laboratory Instruments 


Details entire line of laboratory instru- 
ments, Pictured and described are elec- 
trometers, micro-microammeters, a micro- 
voltmeter, regulated high-voltage supply, 
and high-megohm bridge. Form 35M, 32 
pages. Keithley Instruments Inc., 12415 
Euclid Ave., Cleveland 6, Ohio. 

Circle 504 on Page 19 


Paper in Product Design 
Describes uses and advantages of paper 
as a material in product design. Covers 
a wide application range, including con- 
ductivity papers for facsimile transmission, 
cork-impregnated gasket paper, saturating- 
base papers for electronic laminates, and 
papers for filtering air, oil, and fuels. 
“Creative Imagination in the Develop- 
ment of Technical and Industrial Spe- 
cialty Papers,” 12 pages. Knowlton 
Brothers, Watertown, N. Y. 
Circle 505 on Page 19 


Pin-Type Fasteners 

Covers studs, dowels, and high-alloy 
shear-proof pins, in addition to standard 
solid-grooved pin fasteners. Lists recom- 
mended pin diameters for various shaft 
sizes and torque values transmitted by 
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pins in double shear. Minimum single- 
shear values are also listed in a separate 
table for pins of various metals. Covers 
finishes available and gives the dimen- 
sions and tolerances for the entire line. 
“Grooved Fasteners,” 4 pages. Driv-Lok 
Sales Corp., 77 Park Ave., Sycamore, Ill. 
Circle 506 on Page 19 


Liquid Sealant 
Describes Loctite sealant, showing ap- 
plications and methods of application, 
selection of proper grade. Shows use with 
fasteners, with bearings, and as a seal- 
ant. Also includes technical data and 
specifications met. Form 204c, 8 pages. 
American Sealants Co., Hartford 11, Conn. 
Circle 507 on Page 19 


Gear and Pinion Units 
Line of integrally die-cast gear-and- 
pinion combinations is detailed by draw- 
ings and tables showing pitch, number 
of teeth, pitch diameter, and other di- 
mensions. More than 200 combinations 
include gear (with hub and hole), gear 
and pinion (with hole or shaft), flanged 
pinion (with hole or shaft), cup gear 
and pinion (with hole or shaft), cup 
gear and hub (with hole), plus gears 
and pinions with special features. Cata- 
log 3001-C,. 10 pages, Gries Reproducer 
Corp., 400 Beechwood Ave , New Rochelle, 
N. Y. 
Cirele 508 on Page 19 


Adjustable Sequence Timer 


Data on Micro-Adjustable sequence 
timer 4-23 includes operational instruc- 
tions, methods of. adjustment, construction 
features, accuracy data, switch specifica- 
tions, types of cams, dimensions, and en- 
vironmental standards. 4 pages. Space 
Instrumentation Div., Technology Instru- 
ment Corp., 533 Main St., Acton, Mass. 

Circle 509 on Page 19 


Chemical Process Pumps 


Includes information on Model -3195 
chemical-process pumps, available in 11 
sizes. Bearing-life expectancy, shaft de- 
flection, interchangeability charts and 
diagrams, performance, application, and 
dimension data are covered. Bulletin 
725.1, 16 pages. Goulds Pumps Inc., 225 
Black Brook Rd., Seneca Falls, N. Y. 

Circle 510 on Page 19 


Fluid Motors 

Describes hydraulic Orbit motors which 
provide speeds from 10 to 800 rpm and 
torques to 3300 Ib-in. Covers advantages 
and construction, and principles of of@ra- 


tion, Includes two-page selection 

Catalog 2361, 8 pages. Char-Lynn 

2843 26th Ave., S., Minneapolis 6, 
Circle 511 on 


Designing with Phenolics 

Gives guidelines for designing 
phenolic molding compounds. Lists - 
cal applications and design properties 
these materials, and compares their 


Describes single-turn, wire-wound, linear, 
nonlinear, and sine-cosine precision po- 
tentiometers. Contains performance data 
on 11 models, and an explanatory section 
which describes special features in de- 
tail. 6 pages. Fairchild Controls Corp., 
225 Park Ave., Hicksville, L. L, N. Y. 

Circle 513 on Page 19 


Worm-Reduction Gears 

Covers universal-mounting types with 
114, 1%, 244, and 3-in. centers. Con- 
tains horsepower rating tables, selection 
data, specifications. Includes standard, in- 
verted, vertical, vertical agitation, D- 
mounting, and gear case-mounting units. 
Publication 571 B, 16 pages. 
U. S. A. Inc., 2542 W. Peterson Ave., 
Chicago 45, Ill. 

Circle 514 on Page 19 


Pressure Transducers 

Ultradyne pressure transducers provide 
accurate measurements with ambient tem- 
peratures to +1000F and have high re- 
sistance to nuclear radiation. Types 411, 
412, and 413 are described, including 
specifications on the transducer, transmit- 
ter, and instrument chassis. 4 pages. 
Consolidated Controls Corp. Bethel, 


Conn. 
Circle 515 on Page 19 


Leather Packings 

Packings are available in a variety 
of sizes and shapes including “U,” cup, 
Vee, flange packings, gaskets, and wash- 
ers, Catalog offers tannage and im- 
pregnation information as well as de- 
sign data that include standard design 
dimensions, installation procedures, al- 
lowable clearances, and ordering informa- 
tion for each type of packing. Form 
AD-186, 12 pages. Garlock Inc., Palmyra, 
N. Y. 
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carefully. Bulletin gives basic formulas 
to be used in determining these forces; 
presents examples to illustrate. “Studies 
in Applied Weldesign 1204.4,” 4 pages. 
Lincoln Electric Co., 22801 St. Clair Ave., 
Cleveland 17, Ohio. 

Circle 517 on Page 19 


Dratting Machines, Tables 
Many Nestler drafting tables, which 
range in size from table-top and _port- 


Film Corp., Johnson City, N. Y. 
Circle 518 on Page 19 


Materials Deta 
First in a series of engineering and de- 


pages. Div., 
ip ee Corp., 540 E. 105th St., Cleveland 
%, ‘ 

Circle 519 on Page 19 


Governors, Switches 
Describes units with from one to six 


switching elements. Points out applica-_; 


tions, drive and mounting styles, speeds, 
and other specifications. covers ac- 
cessories, r bodies, connector varia- 
tions, end multidrive units with | to 18 
elements. Bulletin 604, 12 
pages. Synchro-Start Products Inc., 8151 
N. Ridgeway Ave., Skokie, Ill. 

Circle 520 on Page 19 


Slip. Rings; Brush Assemblies 


Describes and illustrates slip rings, 
brush assemblies, rotary switches, and 
commutators. Includes applications, classi- 
fications, line drawings of typical as- 
semblies. 16 pages. Slip Ring Co. of 
Americe, 3612 W. Jefferson Blvd., Los 
Angeles 16, Calif. 

Circle 521 on Page 19 
Laminated Plastics 

Presents 11 different hints for design- 

ing with laminated plastics, each with a 

drawing. Also provides data on 
grades and properties of laminated plas- 
tics, and lists techniques for machining. 
Form $1060, 8 pages, Synthane Corp., 


Uaks, Pa. 
Circle $22 on Page 19 


Processes 
Provides latest industrial reproduction 
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processes and materials data on a periodic 
basis. Concerned chiefly with “how-to” 
phase of industrial reproduction. First 
issue covers drafting on Kodagraph re- 
production films. “Kodak Compass,” 6 
pages. Sales Service Div., Eastman Kodak 
Co., Rochester 4, N. Y. 

Circle 523 on Page 19 


Plastics Properties; End Uses 
Revised Plastics Fact File describes the 
properties and typical end uses of Lustrex 
styrene, Monsanto polyethylene, Opalon 
vinyl chloride, and Lustran SAB and 
SAN molding and extrusion compounds. 
Also features general information about 
the forms, typical uses, and characteris- 
tics of fabricating, extruding, calender- 
ing, and laminating materials; industrial, 
textile, surface and paper coating resins, 
adhesives, and intermediates. 16 pages. 
Department FF, Monsanto Chemical Co., 
Springfield 2, Mass. 
Circle 524 on Page 19 


Industrial Casters 


Covers 17 series of truck casters rang- 
ing in load capacity from 125 to 15,000 
Ib each. Provides illustrations and in- 
formation on special application casters 
including V-grooved, spring-action, grease- 
sealed, and scaffold types. Seven types 
of wheels are shown in cut-away views. 
Form Ti6l, 4 pages. Dept. PR-327, 
Faultless Caster Corp., Evansville 7, Ind. 

Circle 525 on Page 19 


Air-Control Products 


Covers air-control products for auto- 
mating in-plant operations and for com- 
ponent use in new products. Describes 
cylinders, valves, rotating joints, filters, 
regulators, quick-acting couplers, and hose 
fittings. Includes information on dimen- 
sions, flow rates, and operating pressures, 
whenever applicable, as well as a num- 
ber of typical air-control circuits. Catalog 
125, 48 pages. A. Schrader’s Son, Div., 
Scovill Mfg. Co. Inc., 470 Vanderbilt Ave., 
Brooklyn 38, N. Y. 

Circle 526 on Page 19 


Magnetic Drives 


Covers magnetic adjustable-speed drives, 
available in ratings from 50 through 2500 
hp. Describes basic components, theory 
of operation, controls, and design features. 
Also lists applications. Bulletin 2650, 
6 pages. Dept. P, Louis Allis Co., 427 
E, Stewart St., Milwaukee 1, Wis. 

Circle 527 on Page 19 


Braided Hose 


Describes flexible bronze wire-braided 
hose containing an inner core of Teflon. 
In addition to specifications and applica- 
tions, data are given on attachable, re- 
usable fittings. Bulletin 29, 4 pages. 
Atlantic Metal Hose Co. Inc. 308 Dyck- 
man St., New York 34, N. Y. 

Circle 528 on Page 19 


Bronze Alloys 
Forty-two Ampcoloy 

bronzes plus heat-treated variations are 

classified in 11 basic categories, includ- 


specification 


ing commercial aluminum bronzes, tin 
bronzes, manganese bronzes, and high- 
conductivity alloys. Lists nominal chemi- 
cal and average physical properties, avail- 
able forms, government and society speci- 
fications met, and some typical applica- 
tions. Bulletin G-61, 10 pages. Ampco 
Metal Inc., Box 2004, Milwaukee 1, Wis. 

Circle 529 on Page 19 


Compression Tube Fittings 
Presents 25 items of Ridg-lok tube- 
fitting line with illustrations and dimen- 
sions. Fittings have reversible ferrule to 
eliminate putting them in backward, are 
for tubing of 1/16 through 1 in. O. D. 
Catalog 4323, 20 pages. Parker Fittings 
& Hose Div., Parker-Hannifin Corp., 
17325 Euclid Ave., Cleveland 12, Ohio. 
Circle 530 on Page 19 


Beryllium Copper Rod 


Includes data on tensile strength, yield 
strength, elongation, Rockwell hardness, 
and electrical conductivity for Berylvo 10, 
25, and 50 alloys. Other properties such 
as modulus of elasticity, coefficient of 
thermal expansion, density, and endurunce 
strength are also listed. Bulletin R-1200-A, 
8 pages. Beryllium Corp., Reading, Pa. 

Circle 531 on Page 19 


Pilot Valves 
Solenoid-operated fluid-power pilot (di- 
rectional) valves are suitable for pres- 
sures to 3000 psi. Information includes 
construction features, dimension data, 
specification data, flow diagrams, ASA 
symbols, and type designation for all sizes 
of the valves. Bulletin 80125, 4 pages. 
Oilgear Co., 1570-Q W. Pierce St., Mil- 

waukee 4, Wis. 
Circle 532 on Page 19 


Silicone Fluids 


Differentiates among available grades of 
silicone fluids according to viscosity, and 
classifies them on the basis of physical 
properties, Contains a physical-data 
summary chart which permits easy identi- 
fication of major grades of materials 
available, and a silicone-fluid selector in 
which available silicone-fluid grades are 
identified by major application areas. 
Technical Data Book S-9, 20 — pages. 
Write on company letterhead to Silicone 
Products Dept., General Electric Co., 
Waterford, N. Y. 


High-Temperature Alloys 

Features a series of 11 steels and alloys, 
each with its own individual leaflet, to- 
gether with a general booklet on high- 
temperature alloys. All the materials are 
treated in the general booklet, and each 
steel or alloy is treated in detail in the 
individual leaflet. Booklet classifies the 
families of high-temperature steels and 
alloys into iron base, nickel base, iron- 
nickel base, cobalt base, and the cobalt- 
chromium-iron-nickel alloys. Also in- 
cluded are high-temperature alloy graph- 
ical charts, test data, machining data, and 
test procedures. 80 pages. Write on com- 
pany letterhead to Allegheny Ludlum 
Steel Corp., Oliver Bldg., Pittsburgh 22, 
Pa. 
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You get more 
accurate readings. . . 


faster with this 
NEW 
BRUNING 


Equipoise DRAFTER 











The finest is further refined! Long a favorite as a single 

instrument that does the work, through an arc of 360°, of five 

basic tools (T-square, straight edge, triangles, scale, and protractor)... 
Bruning’s new Equipoise drafter now brings even greater 

benefits to draftsmen. 


CLEARLY, YOUR CHOICE iS (GRUNING) 


. fi a 
A. New Magnifier Lens on the now a. enclosed, fully protected CHARLES BRUNING COMPANY, INC. 


protractor assures faster, more precise, double vernier readings. "1800 West Central Road, Me. Prospect. Il 


B. New Elbow Adjuster assures smooth, non-slip ng td operation In Canada: 103 Chuck Ste Toronto 1 
on intermediate board angles inclin ed as high as 25°. © Please send information on the New Equipoise 


C. New Leveling Screws permit easy and accurate mounting of the s *  G Have representative call me 
machine on boards of moderate warpage or surface i arity. > heceuee 


D. New Baseline Lock brings speed and ease to baseline setting; 
makes it easy to adjust drafter to drawing. 


For further information, clip and mail the coupon. 
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/) New Parts and Materials 


Use Yellow Card, page 19, to obtain more information 


Handle Assemblies 


for use on lightweight, 
portable units 


Econoline handle assemblies con- 
sist of a Mylar-protected, gold or 
silver-colored insert laminated to a 
vinyl handle. Assemblies are suit- 
able for attachment to a variety of 
lightweight portables, such as fans, 
corrugated boxes, tool chests, and 


small instruments. Hardware of 
_ steel or brass, in any 12 finishes, 
fastens by means of prongs bent on 
the undersurface of the mounting 
area. Assemblies can be ordered in 
/ any length. They are also avail- 
' able with a simulated-leather tex- 
ture instead of the insert; this ver- 
sion is produced in 13 standard 
colors. Precise color match can be 
specified for 5000 or more assem- 
blies. Philadelphia Handle Co., 
1643 Haddon Ave. Camden 3, 
N. J. 
Circle 533 on Page 19 


Subminiature Counters 


have digits 0.075 in. high 
and 0.045 in. wide 


Model 1005 and 1006 subminiature 
counters have drums 0.288 in diam. 
Digits are 0.075 in. high by 0.045 
in. wide, and counter is reversible. 
Model 1005 has a 200:1 gear reduc- 
tion; pitch of the gears in the train 
is 120. Package size is 7/16 in. 
wide by 5% in. long by 29/64 in. 
high. Maximum input’ speed is 
5000 rpm. Model 1006 package 


* tg ye ce ant 4 
iad eR rear eng | SORE) 4 


size is 7/16 in. wide by 15/32 in. 
long by 29/64 in. high. Frames 
are anodized aluminum, shafts are 
stainless steel, and bearings are Oil- 
ite. For military applications, 
drums are anodized aluminum with 
engraved digits. For commercial 
use, Model 1006 is available with 
Lexan molded drums and pinions. 
Haydon Instrument Co., 17 Brown 
St., Waterbury 20, Conn. 

Circle 534 on Page 19 


Miniature Gear Motors 
in end or side-mounted types 


Permanent-magnet Type VS dc 
gear motors provide up to 35 oz- 
in. torque continuous duty, in a 
package having a frontal area as 
small as 0.4 sq in. Two configura- 
tions are available: End-mounted 
reducer provides 62 ratios from 
7.88:1 to 25,573.65:1; side-mounted 
unit provides a choice of 27 ratios 
from 26.93:1 to 2,511.84:1.' End- 
mounted reducer and VS motor is 
7/16 x % x 3% in. maximum 
length, depending on ratio chosen; 
typical weight is 2.5 oz.  Side- 
mounted reducer and VS motor is 


%x Y% x 2'% in. long; typical 


. ABEC Class 5 and better. 


weight is also 2.5 oz. Units meet 
appropriate MIL specs. Standard 
motor has 13 standard armatures 
for up to 50 v dc; motor is rated 
0.0025 hp at 8000 to 17,000 rpm. 
Globe Industries Inc., 1784 Stan- 
ley Ave., Dayton 4, Ohio. 

Circle 535 on Page 19 


Photoconductive Cell 


miniature unit measures 
tungsten or daylight 


Series I miniature photoconductive 
cell closely approximates the spec- 
tral perception of the human eye. 
Cadmium - sulfide cell measures 
either tungsten or daylight over a 
wide range of color temperatures 
through variation in its conduct- 
ance. Series will contain six dis- 
tinct types designed for both nor- 
mal and low-impedance, transistor- 
type applications and in both side 
and end-view, hermetically sealed 


configurations. Clairex Corp., 8 W. 
30th St., New York, N. Y. 
Circle 536 on Page 19 


Instrument Bearings 


have extra-thin 
cross-sections 


Bearings with extra-large bore-to- 
OD ratios, permitted by thin cross- 
sections, allow new shaft-to-housing 
relationships. Units are of instru- 
ment quality, and are Type 440C 
stainless steel. Retainers have plas- 
tic crown design with lubricant ab- 
sorption properties. Bearings are 
Com- 
binations of bore/OD dimensions 
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SEAL—Exclusive, triple-supported seals 
permit interference fit of spool for extra- 
tight closure with minimum wear. Usual 
damage to conventional “O"' rings by mov- 
ing spool is eliminated. 


Do the air valves you buy 


include these 


quality features? 


SIMPLICITY—Uncomplicated parts 
mean long life and easy servicing. Com- 
mon parts are used extensively to simplify 
stocking or repair. 


This high-quality “D"’ Pilotair® Valve is 
available in thousands of combinations. 
Tailored valves at standard model prices. 
Nine basic valves may have one or two 
of eight operators. Many types of spring 
return or holding functions. 


FLEXIBILITY—Modular Construction. 
Operators, mounting holes and ports may 
be independently rotated in 90° steps, 
Operator may be on either or both ends. 


if not 

\ no j the chances are your maintenance costs are 
higher than necessary. For more information about quality Fluid 
Circuitry Controls for trouble-free automation, ask for Catalog 


A4-75.01. 


See the Yellow Pages under Cylinders for the Name of Your Local Distributor, 


or refer to Sweet’s Catalog, Product Design File. 


WESTINGHOUSE AIR BRAKE COMPANY 
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Circle 254 on Page 19 
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include: 0.3750/0.6250, 0.5000/ 
0.7500, 0.6250/0.8750, and 0.7500/ 
1.000 in. Widths are standard 
0.1652 in. New Hampshire Ball 
Bearings Inc., Rte. 202, Peter- 
borough, N. H. 

Circle 537 on Page 19 


Clear Adhesive 


is nonstaining on 
light-colored vinyls 


M6105, clear adhesive bonds vinyl 
to vinyl or vinyl to metal. A syn- 
thetic resin-based adhesive, it pre- 
vents solvent reaction by plasticizer 
migration and is nonstaining on 
lightest-colored vinyls. On a two- 
suxface-coat application, drying time 
before bonding varies from a few 
minutes to 30 min. In some in- 
stances, a one-surface coat can pro- 
duce a strong bond. Adhesive can 
be applied by brush, spray, or roll- 
er. United States Rubber Co., 1230 
Avenue of the Americas, New York 
20, N. Y. 

Circle 538 on Page 19 


Self-Locking Fastener 
is clip-on unit 


Type LHA4972 clip-on self-locking 
fastener has aircraft applications 
such as attachment of flooring, 
sound proofing, and fairings. It 
can alsc be used for other types of 
sheet metal or glass-fiber assemblies 
for missile and electronic end-use 
as long as 0.020-in. thickness of the 
clip can be tolerated between the 
mating surfaces. For such appli- 


cations it replaces fixed or floating 
anchor or plate-type nuts which 
must be riveted to the sheet. Locat- 
ing eyelet formed on the base plate 
snaps firmly into hole drilled or 
punched in the sheet. First unit is 
carbon steel in No. 10-32 size. Lock- 
ing torque and tensile strength 
meet MIL-N-25027. Elastic Stop 
Nut Corp. of America, 2330 Vaux- 
hall Rd., Union, N. J. 

Circle 539 on Page 19 


In-Line Valve 


is fully adjustable 
from 50 to 5000 psi 


Series 104600 in-line valve for use 
in hydraulic, fuel, or pneumatic sys- 
tems automatically stops flow to 
gage at excess pressures. Unit is 
available in aluminum and sstain- 
less steel, and is fully adjustable 
from 50 to 5000 psi. Valve is ma- 
chined from %-in, hexagon stock 
and is 2 in, long, including 14-14 


NPT male connections at each end. 
Fisher Controls Inc., 1754 22nd St., 
Santa Monica, Calif. 

Circle 540 on Page 19 


Subminiature Switches 


have only two 
moving parts 


Cricket subminiature, precision, 
snap-action switches have uniform 
stress distribution throughout the 
contact-carrying leaf spring to re- 
duce metal fatigue. This results in 
long switch life with high reliability 
and uniform operation. Line in- 
cludes basic single-pole, double- 
throw switch complete with a series 
of lever-type actuators and toggle 
or pushbutton-operated assemblies. 
Switches are rated 5.0 amp at 125- 
250 v ac on inductive and resistive 
loads, 4.0 amp at 30 v dc on resistive 
loads, or 2.5 amp at 30 v de on in- 
ductive loads to 50,000-ft altitudes. 
Basic switch weighs less than 


0.080 oz. Switches have only two 
moving parts—leaf spring and push- 
button to actuate it. Contacts & 
Specialties Div., Fansteel Metallurgi- 
cal Corp., North Chicago, III. 

Circle 541 on Page 19 


Temperature-indicating Coatings 
in 14 new temperature ratings 


Fourteen new Tempilaq tempera- 
ture-indicating coatings bring the 
total number to 100, covering the 
range from 100 to 2500 F in sys- 
tematically spaced intervals. New 
ratings include: 106, 119, 131, 144, 
156, 169, 182, 194, 206, 219, 231, 
244, 256, 269 F. Tempil Corp., 
132 W. 22nd St., New York 11, 
| ee 6 

Circle 542 on Page 19 


Propellant-Actuated Device 


is used as emergency energy 
source and as a buffer 


Telecartridge is a metal cup tele- 
scoped within itself. When subjected 
to an internal pressure, it expands 
to full length, and cup does not 
rupture. Unit can be used as a self- 
contained, sealed, emergency en- 
ergy source or as a cup to mate with 
a moving piston, providing a one- 
shot buffing device. Wide range of 
energy ratings is available by varia- 
tions of physical size, charge, and 
case material. Positive sealing is 
provided—smoke, flash, flame re- 
main within the cartridge. Typical 
applications include separation bolts, 
actuator, ejector, and dispenser. 
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BEARING \ 


One in a series of technical reports by Bower 


a) BRIEFINGS 





ROLLER BEARING LIFE AND 
CAPACITY LINKED TO STRESS DISTRIBUTION 


These reproductions of photoelastic 
studies contain important evidence for 
every engineer and designer concerned 
with the performance and selection of 
roller bearings. In these photographs, the 
alternate dark and light areas, called 
fringes, indicate not only the magnitude 
of stress but also the stress distribution. 
The photographs were taken by Bower 
Research Engineers during a study of 
stress distribution in roller bearings. 


The subjects represent rollers and race- 
ways of two roller bearings under iden- 
fical loads. The illustration at the left 
shows a roller of conventional design. 
The illustration at the right shows a 
Bower “Profiled” roller. That is, the 
roller is precision ground with a large 
radius generated along the body of the 
roller—a predetermined and controlled 
distance from each end. 


The conventional roller photo (left) 
clearly shows how, under load, stress 
concentration builds up in and near the 
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roller ends. This is called edge-loading. 
Such areas of concentrated stress are the 
breeding grounds for metal fatigue and 
eventual bearing failure. 


In the photo of the “Profiled” roller 
(right) stress lines can be seen uniformly 
distributed across the whole length of 
the roller and raceway. There are no 
points of excessive stress concentration, 
consequently no starting points for early 


: fatigue. Such a “Profiled” roller exhibits 


a great advantage in improved load 
carrying capacity, a most important 
bearing requirement. 


Under actual operating conditions, 
Bower “Profiled” roller bearings show 
a considerably longer life at higher 


speeds and under greater loads than con- 
ventional roller bearings. 


Because of this, and of other Bower fea- 
tures to be discussed in later technical 
reports, we suggest that you consider 
the advantages of Bower bearings in 
satisfying your future bearing zequire- 
ments. 


xzkekenk 


Bower engineers are always available, 
Should you desire assistance or advice 
on bearing problems. Where product 
design calls for tapered roller bearings 
or journal roller assemblies, Bower 
makes these also in a full range of types 
and sizes. 





BOWER ROLLER BEARINGS 


BOWER ROLLER BEARING DIVISION — FEDERAL-MOGUL-BOWER BEARINGS, INC., DETROIT 14, MICHIGAN 
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NEW PARTS AND MATERIALS 





to 28 in. Aircraft Armaments Inc., 


Cockeysville, Md. 


Circle 543 on Page 19 


Differential Brake Valve 


for use with brake fluids 
or hydraulic oils 


No, 1260-1 differential brake valve, 
eliminates need for nonslip differ- 
entials on material handling, mobile, 
and off-the-road vehicles. Device 
has two normally open, spring-re- 
turn, two-way valves with a com- 
mon pressure port to which the 
master brake cylinder is connected. 


+ ae 


Each of the two cylinder ports is 
connected to a brake cylinder of one 
of the two drive wheels of a vehicle. 
By depressing a pushbutton, opera- 
‘ tor can shat off flow of brake fluid 
to the wheel having traction in a 
case where one drive wheel is spin- 
ning. Operator then can depress his 
brake pedal and lock the spin- 
ning wheel only, enabling the ve- 
hicle to proceed under its own 
power, with one wheel driving, un- 
ti! both wheels again are in trac- 
tion. Valve is available for use with 
hydraulic oils or brake fluids and 
can be installed easily on any hy- 
draulic brake system. Sarasota Pre- 
cision Products Inc., 5727 McIntosh 
Rd., Sarasota, Fla. 

Circle 544 on Page 19 


Presiure Switch 


subminiature unit is 
accurate to +2 psig 


Model 6289 subminiature pressure 
switch is suitable for applications 
in electronic pressurization alarms, 
missiles and aircraft pressure sys- 
tems. Switch withstands 50g shock, 
15g vibration, and 200 per cent 
overpressure. It is field settable 
over a limited range—+10 psig set 
point. Accuracy is +2 psig; repeat- 











fr 














ability, 0.5 psig. Operating tem- 
perature range is —65 to +200F. 
Switch is SPST, rated 0.2 amp re- 
sistive at 28 v de or 115 v ac. Hous- 
ing is stainless steel, and all seals 
are metallic, Diameter is % in., 
over-all length is 34, in., weight, 1.5 
oz. Aero Mechanism Inc., 13866 
Saticoy St., Van Nuys, Calif. 

Circle 545 on Page 19 


Spacer Bushings 
in lengths from '/ to 3 in. 


Standard hardened and _ ground, 
precision, steel spacer bushings are 
available in sizes from % to 8 in. 
ID and 9/16 to 914 in. OD. Lengths 
range from 14 to 3 in. Bushings 
are recommended for spacing com- 
ponents such as gears, and for pro- 
viding smooth, hardened sections 
on shafts and in housings, as guide 
bushings and surfaces for position- 
ing bearings and seals. Detroit 
Ball Bearing Co., 110 W. Alex- 
andrine, Detroit, Mich. 

Circle 546 on Page 19 


Time-Delay Relay 
switches up to 5-amp loads 


Type B hydraulic-magnetic time-de- 
lay relay with totally enclosed snap- 
action contacts switches up to 5-amp 
loads, either SPDT or DPDT. Unit 
has a continuous-duty coil; it does 
not have to be de-energized after 
each actuation, but can remain 
locked-in indefinitely. It functions 
as both a delay device and a load 


~ aera 
3 urea 


relay, eliminating need for slave or 
auxiliary circuits. Balanced arma- 
ture construction confines the arma- 
ture to either of two positions, so 
that there is no opportunity for 
tentative actuation under conditions 
of moderate shock and vibration. 
Relay is available in 16 standard 
timings from 1/4, to 120 sec, and can 
be supplied for either ac (60 cycles) 
or dc operation. Standard ac vol- 
tages range from 6 to 240 v; de, from 
4 to 120 v. Contact capacity is 5 
amp at 125 or 250 v ac; 5 amp at 
30 v de, resistive; 3 amp at 30 v dc, 
inductive. Relay measures 2.1 x 1.8 
x 2.1 in. and weighs 3.5 oz. 
Heinemann Electric Co., 376 Mag- 
netic Drive, Trenton 2, N. J. 

Circle 547 on Page 19 


Stainless-Steel Fastener 


for temperatures to 800 F 
is self-locking 


Small, lightweight, stainless-steel 
fastener is designed for installation 
in sheets 0.040 in. thick and up. 
Unit is self-locking, with high push- 
out and torque values, and is flush 
on reverse side of sheet. It is suit- 
able for temperatures to 800 F, and 
for use in materials with hardness 


of Rockwell B 75 or less. Class 3-B 





Sa an aL 


threads are coated with dry-film 
lubricant. Available sizes are No. 
4 to 10. Penn Engineering & Mfg. 
Corp., Doylestown, Pa. 

Circle 548 on Page 19 


Plain, Rod-End Bearings 


have static load ratings 
from 225 to 2550 Ib 


Monoball two-piece, miniature, self- 
aligning, spherical plain and _rod- 
end bearings are now available in 
volume production. BMP minia- 
ture units are furnished in bore 
sizes from 0.046 to 0.156 in. with 
ultimate static load ratings from 
225 to 2550 lb. They are offered 


only in corrosion-resisting steels. 
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THE RAW MATERIALS OF PROGRESS 


One seal of FLUOREL’ 


BRAND ELASTOMER 


does work of three! 


High-heat capacity, chemical 
inertness help cylinder-maker 
eliminate special seals! 


“Now seals of Fluorel Brand 
Elastomer handle all three re- 
uirements better!’’ reports 
ydro-Line Manufacturing 
Company, a Rockford, IIl., 
maker of hydraulic cylinders 
for high-speed assembly ma- 
chines. Formerly, three types 
of seals had to be stocked .. . 
one for high-temperature min- 
eral oils, another for water and 
mineral oils at normal tempera- 
tures, still another for phosphate 
ester fluids. Hydro-Line stand- 
ardized on Fluorel Brand Elas- 
tomer 2141 for critical cylinder 
seals (see arrows above) for 
two reasons: 1) wide operating 
range, 0 to 400° F. for contin- 


Chemical Division, Dept. KCG-81 
3M Company, St. Paul,6, Minn. 


Name 


uous service, to over 600° F. 
for short-period peaks: 2) com- 


patibility with the various 
fluids used. 


Compared with + competnaye 
elastomers and plastics, Hydro- 
Line found, Fluorel , Aa an 
affords greater dimensional sta- 
bility as temperatures 
resists abrasion better, is less 
ype to radiation damage. 
seals of Fluorel Elastomer 
do not require mechanical pres- 
sure to hold them against seal- 
ing surfaces. The block vee 
seals of Fluorel Elastomer, made 
by Chicago Rawhide, are lathe- 
trimmed to remove flash from 
edges, to permit close control 
and assure tight fits. For more 
data on Fluorel Elastomer, read 
‘Profile’ at right, then return 
coupon below. 


TELL ME MORE... 
about FLUOREL Elastomer 


Title 





Company 





Address 








City & State 
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PROPERTIES PROFILE 


on FLUOREL*® 2141 


BRAND ELASTOMER 


Fluorel Brand Elastomer 2141 is a highly fluor- 
inated, non-flammable synthetic rubber with 
outstanding stability in the presence of great 
heat, chemicals, -oils and fuels. Its exceptional 
Mooney Scorch Rating and safe repeat processing 
simplify meeting tough military specifications, 
other critical requirements. 


RESISTS CHEMICAL ATTACK! Corrosion re- 
sistance of Fluorel Elastomer 2141 is excellent— 
withstands corrosive chemicals, fuels, solvents, 
ozone. 


WITHSTANDS HEAT, COLD! Continuous serv- 
ice may be at temperatures up to 400°F., short- 
term peaks may exceed 600°F. Gehman stiffness 
Tho is 3°F. Thin sections may be bent without 
cracking at temperatures as low as -50°F. 


LOW COMPRESSION SET! This property of 
Fluorel Elastomer ranges from 10% after 70 hours 
at 250° F. to 47% after 70 hours at 400° F. 


PHYSICAL PROPERTIES. Fluorel Elastomer 
can be compounded to provide a wide range of 
desirable physical characteristics, Properties 
based on Chicago Rawhide’s Compound No. 
Sirvene 429133 . . . 


ELECTRICAL PROPERTIES. Typical stock pro- 
vides dielectric strength (short time) of 630 volts 
per mil, a dielectric constant of 11.4, D.C. re- 
sistivity of 2 x 105 ohms cm. at 50% relative 
humidity, and a dissipation factor of .0125. 


APPLICATIONS. Fluorel Elastomer is recom- 
mended for seals and O-rings, diaphragms, fuel 
and hydraulic hose, brake cups, fuel cells, fire 
walls, pump and tank liners, air ducts, wire in- 
sulation, many other uses. 


For full information on Fluorel Elastomer, re- 
turn coupon, or write describing your area of 
interest. 

“FLUOREL” is @ reg. TM of 3M Co, 


CHEMICAL DIVISION 


Minnesota JUfinine ann ]fanuracrurine company 
...WHERE RESEARCH IS THE KEY TO TOMORROW 
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Imperial D-c Motors meet the ever-increasing demand 
for dependable, heavy-duty drives in nearly every in- 
dustry today. Over seventy years of d-c design and 
application experience is behind the manufacture of 
these motors. Ratings from 1 through 125 hp., for 
constant or adjustable speeds with shunt, series or 
compound windings are available in all standard 
we enclosures. When you choose The Imperial Line you 
are assured of motors that stay on the job longer... 
keeping production high at lower costs. Write for 
bulletin or contact the sales office nearest you. 


ELECTRIC COMPANY 
84 Ira Ave. « Akron 9, Ohio 


Semi-Guarded D-C Motor 


Drip-Proof D-C Generator, 
SAE Flange Mounting 


Totally-Enclosed 
Fan-Cooled D-C Motor 


Two-Bearing 
Motor-Generator Set 
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Bearings provide long life in com- 
pact, light-weight assemblies. South- 
west Products Co., 1705 S. Moun- 


tain Ave., Monrovia, Calif. 
Circle 549 on Page 19 
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Slip and Antistick Agent 


is now available in 
liquid form 


Rulon liquid reinforced fluorocar- 
bon slip and antistick agent pro- 
vides a clean, low-friction, dry sur- 
face. It is now available in pint 
and quart containers ready for ap- 
plication by brush, spray, dipping, 
wiping, or soaking. Liquid provides 
a slick surface for wood, metal, 
leather, plastics, and other materials. 
It has coefficients of friction as low 
as 0.07. Chemically inert, insolu- 
ble, and thermally stable to 500 F, 
liquid can be used as a release in 
molding plastics and rubber. It is 
also a lubricant for belts, gaskets, 
packings, gears, bearings, cord, cable, 
and machine parts. Dixon Corp., 


Bristol, R. I. 
Circle 550 on Page 19 


Plastic Shock Absorbers 


are available in single 
or double-actior. types 


Plastic Liquid Dashpots in single 
or double-action types provide a 
wide range of energy-absorption ca- 
pabilities to meet desired shock 
curves, and are available with vari- 
ous end fittings. The 66 standard 
models absorb energy from | to 
886,000 Ib-in. from 11% in. long by 
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it’s more than a matter of taste 


Wherever food and metal meet, in a processing plant or 
kitchen, the metal is usually stainless steel. The flavor and 
purity of food are entrusted to stainless because no other 
metal matches its resistance to contamination and corro- 
sion. And none—metal or plastic—is so durable, decorative 
and easy to clean. 

Such complete trust in a product comes only from time- 
tested performance — the reason J&L consistent quality 


stainless steel is specified by manufacturers of equipment 
widely used by packers and processors, and by chefs in 
restaurants, hospitals and hotels. By delivering quality 
consistently, J&L helps the food industry safeguard its 
products, all the way from plant to palate. 

Get consistent quality stainless steel from your J&L 
distributor, who is backed by the full facilities of J&L’s 
research laboratories. 


Jones & Laughlin Steel Corporation 


STAINLESS AND STRIP DIVISION « DETROIT 34 


SHEET - STRIP -BAR - WIRE 


% 
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ANNOUNCING 


PR TTTeh T's 1962 
BOOKS PROGRAM: 


THE HYDRAULICS-PNEUMATICS BOOK 
Power Components 


THE ELECTRIC CONTROLS BOOK 
Switches, Relays and Timers 


THE PLASTICS BOOK 
THE MECHANICAL DRIVES BOOK 


The four books to be published in 1962 will again 
cover subjects of vital interest to design engineers and 
will follow the same, easy-to-use and entirely reader- 
oriented style that was developed for the very first one. 
Each will have a Design Data Section devoted to sig- 
nificant selection and application information. 


The contents will be authored by experts in industry, 
in Universities and associations, and Macuine Desicn 
editors, 


The second major section will consist of a Product 


Directory, developed through direct mail cooperation 
with manufacturers and producers to insure the latest 
and most complete listings possible. 


This entire series is designed to give you the most use- 
ful, the most complete and current reference informa- 
tion on important materials and components used in 
every-day design of products. These comprehensive 
reference manuals belong on the desk of every design 
engineer. Make sure these valuable books are coming 
to your department and are readily available. 


MacHINE DesicN 
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Y/, in. diam model to 70 in. long 
by 814 in. diam unit. Taylor De- 
vices Inc., 200 Michigan Ave., 
North Tonawanda, N. Y. 
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Selector Valve 


for oil and 
lubricated-air service 


Series 8600 Lo-torq selector valve 
permits no internal leakage in in- 
dexed positions, and little during 
port selection. Pressure-balanced 
valving disk allows easy turning. 
Maximum working pressures are 


3000 psi for oil and 2000 psi for 


a IPT ; OBE Se Late % de 


lubricated-air service. Series is alu- 
minum alloy, with Lo-torq seals of 
stainless steel. Sizes range from 14 
to 1 in. Republic Mfg. Co., 15655 


Brookpark Rd., Cleveland 35, Ohio. 
Circle 552 on Page 19 


Gear Motor 


fhp-unit has 
low noise level 


Type HGM_ fractional-horsepower 
gear motor features a magnetic 
clutch and silent operation. Clutch 
disengages rotor pinion from re- 
mainder of gear train when motor 
is de-energized to prevent coasting 
of output shaft. It also provides free- 
wheeling gear train so that output 
shaft can be turned manually when 
power is off. The two-pole, shaded- 
pole, ac induction motor is available 
in voltages from 6 to 220 v, 50 or 
60 cycles. It is designed for contin- 
uous or intermittent operation, with 
cooling fan available in voltages 
from 6 to 220 v, 50 or 60 cycles. 
It is designed for continuous or in- 
termittent operation, with cooling 
fan available for continuous-duty 
applications. Motor incorporates a 
‘totally enclosed, prelubricated, zinc 
die-cast gear reducer with stamped 
steel or aluminum cover. Output 


August 31, 1961 





A. W. Haydon’s microminiature elapsed time indi- 
cators and events counters are to electronics what 
“Jo Blocks” (Johanssen gages) are to metalworking 
—precisely accurate standards that are much more 
reliable than what they measure. Adapted from our 
earlier (and very successful) sub-miniature indica- 
tors, these microminiature timers have the unques- 
tioned dependability that only A. W. Haydon’s sta- 
tistical production testing can provide...yet you 
can fit 100 of them into a 5” square (1) We believe 
this new ETI is the world’s smallest—only ¥% cubic 
inch. We know it is better than 99.9% accurate... 
exceeds requirements of MIL-M-26550... withstands 
20g, 2000 cycles vibration...weighs only 0.75 oz.... 
temperature range is —65° to +250°F...and runs 
on a half watt, 115 v, 400-cycle power. Digital read- 
out in hours, up to 999.9 or 9999. Companion events 
counters also provide 4 digit readout. Both of these 
units are available with a wide variety of compatible 
mountings 1) For complete details on these tiny 
titans of time, or on any other electromechanical or 
electronic timing device to suit your special require- 
ments, write The A. W. Haydon Company today. 


AYDON 
COMPANY 
249 Nerth Elm Street, Waterbury 20, Connecticut 
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Why Die Stamped 


Circuits by 
Dytronics? 


ELECTRICAL 
PROPERTIES 
UNIMPAIRED 


Die stamped circuits are 
produced by a dry. tech- 
nique which employs a 
heated metal-cutting die to 
delineate the conductor 
pattern and bond it to the 
base material by activating 
the adhesive between the 
meta! foil and the insulat- 
ing material. 

The electrical properties 
of the base material are 
unimpaired, because no 
chemicals are used, and 
there is no adhesive 
residue or residual metal 
on the insulating surfaces. 
This gives the designer the 
advantage of selecting base 
materials for physical and 
electrical properties with- 
out considering chemical 
resistance. 

A new booklet, ‘Design- 
ing with Dytronics Die 
Stamped Circuits,’’ will 
help you evaluate and 
design with die stamped 
circuits. Write for your 
free copy today. 


& 
Dytrénics 


INCORPORATED 
ROCHESTER 47, MICH. 


A subsidiary of Taylor Fibre Co. . 
Norristown, Pa. 
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‘speeds range from | to 800 rpm, 


with output torque up to 50 Ib-in. 
at 1 rpm. Available output-shait 
diameters are 3/16, 14, 5/16, and 
% in. Output shaft can be extend- 
ed from either or both sides of gear 
reducer. Molon Motor & Coil Corp., 
3737 Industrial Ave. Rolling 
Meadows, IIl. 
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High-Strength Adhesive 


requires only 
contact pressure 


High-strength, heat-resistant adhe- 
sive can be spray-applied in a rela- 
tively dry form and requires only 
contact pressure. The synthetic- 
rubber-base adhesive, designated EC- 
1828, bonds all types of materials in- 
cluding ‘polystyrene, sheet plastic, 
steel, aluminum, wood, particle 
board, and foamed glass. It is used 
in the fabrication of honeycomb 
sandwich panels; other applications 
include bonding building panels and 
metal assemblies. Adhesive main- 
tains high-strength properties over 
a service temperature range of — 30 
to +250 F. Adhesives, Coatings, and 
Sealers Div., Minnesota Mining & 
Mfg. Co., 900 Bush Ave., St. Paul 6, 
Minn. 
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Clevis Pin 


cotterless unit is 
self locking 


New cotterless clevis pin is a self- 
locking unit with the main body of 
cadmium-plated steel and working 
parts of stainless steel. Eliminating 
the cotter saves time and effort, es- 





rrew 


LOW 
COST 


ABEC 3 PRECISION 
MINIATURE 
BEARINGS 


MINA 


Bearings eliminate 
both economic and 
technical barriers to 
using precision miniature 
ball bearings in a 
wide variety of 
industrial and 
commercial 
products 


MADE IN U.S.A. BY 


MINA 


A OIVISION OF MPB INC. 





KEENE, NEW HAMPSHIRE, U.S.A. 


oJ 
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Linde<News 


LINDE COMPANY, DIVISION OF UNION CARBIDE 


CORPORATION 





Surgical shears get longer life with 
LINDE tungsten carbide coating 


Surgical shears with tungsten carbide 
coated on working surfaces now lose 
their cutting edge about one-third as fast 
as conventional shears. This has been 
under rigid testing supervised 

a leading research la! ‘ 

The American Medical Instrument 
Corporation, Flushing, New York, uses 
the LINDE Flame-Plating process to im- 
prove the working surface and increase 
the wear-resistance properties of shears 
produced under its Tuncarb trade-mark. 

The process has increased cutting life 
to the extent that Tuncarb shears in use 
for more than a year have not as yet 
been returned to AMICO for sharpening. 
By comparison, regular surgical shears 
used under the same conditions had to 
be returned as many as three times for 
restoration of working surfaces. 


Coatings only .004” thick 
AMICO ships hot-drop-forged stainless 
steel parts to LINDE’s new Flame-Plating 
plant at North Haven, Conn. Here, via 
the LINDE developed coating process, a 
.004” thickness of tungsten carbide is 
actually “welded” to the precision wear 
surfaces of the instruments. 

After coating, the blades and jaws are 
assembled, riveted, ground, polished, 
and buffed to a high finish by AMICO. 
The tungsten carbide surfaces them- 
selves are finished with only a slight 
brushing. The same process is used to 
coat Tuncarb needle holders to provide 
tungsten jaws that give a firm grip on 
needles. 


High-speed “blast-on” 


The heart of LINDE’s coating process is 
the LINDE Flame-Plating gun, into 
which exact quantities of oxygen, acety- 
lene, and tungsten carbide or other 
powdered materials are fed by a special 
mechanism. After the gun is aimed at 
the area to be coated, controlled detona- 
tions “blast” the particles onto the work 
piece at speeds up to 2500 fps—until the 
desired coating thickness is reached. 
Although temperatures of about 
6000° F are attained within the detona- 
tion gun to heat powder to plastic state, 
the work piece itself is always kept be- 
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The inside cutting surface of the Tuncarb 
surgical shears shown here have been 
coated with ten carbide, 
their rate of wear by as much as 


low 400° F during the operation. There 
are no changes in the properties of the 
base metal and no distortion of the work 
piece regardless of its minuteness. 

In some uses, depending on the thick- 
ness of finish, the LINDE Flame-Plating 
process has been known to multiply 
wear resistance of metal parts by as 
much as 40 times. 

For complete information on how 
you might use this advanced method of 
coating metals to improve production 
or reduce operating costs, check and 
send the coupon below. 





Linde synthetic sapphire solves 
guide problem in tape recorders 
Second only to the diamond in hard- 
ness, LINDE synthetic sapphire provides 
unique wear-resisting characteristics. 
Because of its extremely low friction, 
hardness, and and chemical 
stability, several large manufacturers 
are using LINDE synthetic sapphire to 
solve the wear problem in tape guides 
on airborne and high-reliability tape 
decks, as well as in photographic film 

guides. 

In these areas— where hardened steel 
guides show friction and wear almost 
immediately — sapphire wear is nearly 
imperceptible even after 100 hours of 
Operation. 

LINDE flame-polished synthetic sap- 
phire is a convenient material for pre- 
venting edge-cutting typical with cer- 
tain tapes in top and bottom guides. 

For details on LINDE synthetic sap- 
phire for any type of wear guide, in- 
strument or other critical ap- 
plication, check and mail the coupon. 


Chromium polished to maximum 


lustre with LINDE abrasives 
In certain applications where it is neces- 
sary to achieve an extremely smooth 
surface on chromium finishes, such as 
in photographic rolls and processing 
rolls in the plastics industry, LINDE alu- 
mina abrasive powders of 99.98% pu- 
rity have demonstrated unusual effi- 
ciency in removing the most minute 
protuberances. 

Several leading photographic and pre- 
cision parts manufacturers use LINDE 
abrasives, not only to obtain high-lustre 
finishes that protect materials, but also 
to refinish rolls several times over to 
avoid frequent replating. 

Grades of LINDE alumina powders in 
sub-micron sizes are available for sev- 
eral cutting speeds or types of finish. 
For information, use the coupon below. 





CHECK—CLIP COUPON—ATTACH TO BUSINESS LETTERHEAD 


Linde Company, Dept. MD-85 
270 Park Avenue 
New York 17, N.Y. 


Please send details on the items checked: 
C2 LINDE Flame-Plating 
C) LINDE Synthetic Sapphire 
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Cured 
of cancer! 


In August 1950. Jack Oclker, 
a farmer in Urbana, Ohio, 
went to see his dentist com- 
plaining of a sore jaw. His 
“sore jaw” turned out to be 
cancer. Today, Jack Oelker is 
one of more than a million 
Americans who have been 
cured of cancer. Read why 
knowing the Seven Danger 
Signals of cancer may some- 
day éave your life! 


ACK OELKER is 33 years old. Eleven 
J years ago, he married Martha, his 
childhood sweetheart. Eleven years 
ago, five weeks after his marriage, Jack 
developed a sore jaw that didn’t heal 
—and went to see his dentist. 

That began the chain of events that 


led to the diagnosis of a bony tumor in 
the left jaw. Cancer. In September, 
1950, Jack was admitted to University 
Hospital in Columbus, for surgery. 


His doctor’s verdict 


Jack’s doctor writes: “Since then, he 
has been rechecked at intervals and 
he has remained free of the disease. At 
the present time, he is able to carry 
out his normal activities, and shows 
. ne further evidence of tumor.” 

What are Jack Oelker’s normal ac- 
tivities? Very much the same as yours 
and mine. The Oclkers like basketball 
games aud picnics. They bowl. 

The three Ocelker girls, Susan, age 8, 
Sandra, age 6 and Carol Ann, age 4, 
have their father with them today be- 


caus Jack Oclker acted promptly at 


Jack and Martha Oelker with their children. You will see pictures of the Oelker family 
many times in 1961. They have been chosen as the American Cancer Society Poster 
Family — symbol of the fact that many cancers can be cured if detected in time. 


the first sign of a “danger signal” and 
was properly treated in time. 

There are two important ways that 
you can fight cancer. With a checkup 
and a check. An annual checkup—and a 
check to the American Cancer Society. 


Where your money goes 


Your check supports cancer research. 
Makes possible grants to research insti- 
tutions. Provides fellowships to scien- 
tists engaged in cancer research. 
Educates the public to lifesaving facts 
about cancer. Helps maintain a pro- 
gram of service to the stricken. 

A checkup and a check. Worth re- 


membering. And so are the 7 Danger 
Signals listed to the right. 








Tha 7 Danger Signals of Cancer 
1. Unusual bleeding or dis- 
charge. 

2. A lump or thickening in the 
breast or elsewhere. : 

3. A sore that does not heal. 
4. Change in bowel or bladder 
habits. 

S. Hoarseness or cough. 

G. Indigestion or difficulty in 
swallowing. 

7. Change in a wart or mole. 
If your danger signal lasts longer 
than two weeks, go to your doc- 
tor immediately. Only he can tell 
if it is cancer. 
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pecially for blind assembly or where 
the connections are made and sep- 
arated quite often. Pin is furnished 
in practically all sizes, with one or 
several locking devices as required in 
the body. Rein Leitzke, Department 
CC, Hustisford, Wis. 
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Germanium Mesa Transistors 


have typical total switching 
speed of 96 nanosec 


Four high-speed germanium mesa 
transistors are designed for switch- 
ing applications. Typical total 
switching speed for transistors in 
this line is 96 nanosec, and gain 
bandwidth product for all types is 
about 600 megacycles. Designated 


types 2N705, 2N710, 2N711, and 
2N725, the transistors are housed in 
a package which meets JEDEC 
standard TO-18 outline. Semicon- 
ductor Products Dept., General Elec- 
tric Co., Kelley Building, Liverpool, 
uy, 


Speed Reducers 


in speed ratios 
from 5:1 to 60:1 


Universal L-mounting worm-gear 

reducers are available in 11,, 
134, 214, and 3-in. centers in stock 
speed ratios from 5/1 to 60/1. In- 
puts range from 0.12 to 0.61 hp in 
the 1!4-in. size, and from 0.86 to 5 
hp in the 3-in. size. Intermediate 
sizes for in-between powers are 
available. Right-angle drive is built 
for continuous duty in conveyors, 
hoists, mixers, agitators, stokers, 
sprayers, and other equipment. 
Fully enclosed, it is suitable for 
mounting in any input or output- 
shaft arrangement. Ball-bearing- 
equipped units have hardened and 
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1960 DATA SHEETS INCLUDE: 


 Planetory Gear Trains 
By William H. Wilkinson 
Geneva Mechanisms 
. By Marshall C. Smith 
Cooling By Evaporation 
By Robert M. Sando 


By F. Caplan 


By Joseph L. Seminara 
Planetary Gea: Ratios 
By Reed H. Langdon 
Polyhedrons 


By Joseph J. Fousek 
Four-Gear Combinations 


By Robert G. Gerber 
Cateulating Weight and Volume 
By M. E. Arthur 

Brakes 

By H. A. Borchardt 

Planetary Drives 

By Jacob Shuster 

Fastener Vibration 

By Gerard T. Klees 
Acceleration Velocity Distence Time 
By V. F. DeVost 

Cold Heading 

By E. F. Tauscher 

Curved Beams 

By Chen Yo Liu 


Penton Building 
Cleveland 13, Ohio 


Please send me 
Name 





|| DESIGN| 


NOW READY 


1960 Data Sheets 


PLUS—a cumulative index 
of all 1956-1960 Data Sheets 


Twenty-six reference articles of valuable design tech- 
niques published in the 1960 issues of MACHINE 
DESIGN are included in a new 127-page reprint now 
available. Each data sheet begins on a right-hand 
page for clipping ease without destroying other pages. 
Prepared with your personal file of engineering in- 
formation in mind, each volume contains a five-year 
index of published data sheets available. 


Price is $2.00 each, including postage 


These worthwhile data sheets offer a unique collection 
of basic design assistance. Order your personal or de- 
partmental copy today. Use the convenient form be- 


low for prompt processing. 


(Remittance or Company Purchase 
Order must be enclosed with order) 


copies of the 1960 Data Sheets @ $2.00 each 








Zone State 





City 





(Add 3% te orders in Obie te cover State Sales Tax) 
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ground alloy-steel worm integral 
with the shaft, nickel-bronze worm 
with heat-treated, alloy-steel shaft, 
and semisteel housing with large 
oil reservoir. Crofts U.S.A. Inc., 
2542 W. Peterson Ave., Chicago 45, 
TL. 
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Small Fan 


moves 17.5 cfm under 
free delivery 


New 60-cps Propimax 2 fan meas- 
ures slightly over 3 in, diam., 1'/ 
in. deep, and weighs 61!/ 02; yet it 
moves 17.5 cfm under free delivery 
conditions. Materials and finishes 
meet most applicable military speci- 
fications. Power required is 0.05 amp 
at 115 v, under free delivery condi- 
tions. Unit is physically and aero- 


dynamically symmetrical, permit- 
ting reversing of air flow by turn- 
ing end-for-end. Mounting is by 
means of servo-ring. Speed at free 
delivery is 3250 rpm. Rotron Mfg. 
Co., Woodstock, N. Y. 

Circle 558 on Page 19 


Shaded-Pole Motors 


fractional-horsepower units 
are permanently lubricated 


Shaded-pole, 4 and 5-in. diam mo- 
tors incorporate new bearing-lubri- 
cation system and integral insula- 
tion for long life. The 11 and 21- 
frame (shown) motors are suitable 
for a variety of applications includ- 
ing gas-fired unit heaters; unit cooler 
fans and blowers; exhaust and cir- 
culating fans; commercial refrigera- 
tion condensing units; space heaters; 
refrigeration cabinets; and certain 
mechanical-drive applications. One- 
piece cast shell and bearing hous- 
ing dampens vibration «und mini- 
mizes magnetic and frequency 
pulsations. Each size can be sup- 
plied for resilient-ring or end mount- 
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KENNERTIUM® 


exceptional properties 
solve unusual problems 





THESE TYPICAL PARTS INDICATE THE 
EXCELLENT MACHINABILITY OF KENNERTIUM 





Kennertium, a new heavy tungsten alloy 50% heavier than lead, offers 
a number of outstanding properties not available in other high-density 
alloys on the market today. 

These superior features include high tensile strength; elongation 
15% or higher; unusual compression qualities; Young’s Modulus of 


-Elasticity of 45,000,000 psi; plus good machinability and other prop- 


erties to help designers meet many exacting materials requirements. 

Kennertium is available in virtually any configuration—and in solid 
sections up to 16 inches in diameter and 20 inches long for machining 
to required parts. Cylinders several feet long, or thin rings up to 18 
inches in outside diameter, can be processed. 

For more information, write for “Kennertium Properties” booklet. 
And if you have a specific requirement, send dimensional sketch and 
conditions involved. Our engineers will gladly make recommenda- 
tions, without any obligation to you. KENNAMETAL INnc., Dept.MD, 
Latrobe, Pennsylvania. trademark secre 


iNDUSTRY AND 


<> KE}NAMETAL 
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This 102 page volume 
includes practical data on: 


Measuring company needs 
in new-product development 


Developing and finding new-product ideas 


_ Evaluating new-product potentials 


Organizing engineering and research for product development 


Measuring progress in product performance 


This collection of 17 helpful articles detail» 
the necessary steps to the development 
and engineering of new products. Written 
by Dr. Philip Marvin, well-known man- 
agement authority, this book is “required 
reading” for every engineer responsible 
for the development of new product ideas 
or the operation of a research program. 


DESIGN 
Reader Service, Penton Building, Cleveland 13, Ohio 
(Remittance or Compony Purchase Order must be enclosed with order.) 


Send me_____copies of 


Planning New Products @ $3.00 each A 











REPRINT 


4—MAIL TODAY 


cny ZONE STATE 
{Add 3% to orders for delivery in Ohio to cover State Sales Tax.) 
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Turco Products uses 
Borg-Warner Mechanical Seals 
| exclusively 


keep bearings from being “cleaned out” 


ing, and each mounting style is on Turbulator Cleaning Machines! 
available in open, totally enclosed 
~nonventilated, open with large in- From jet engines to railroad engine parts, Turco Products, Inc. 
ternal fan, or totally enclosed fan- “Turbulator” cleaning machines do an amazing job of cleaning 
cooled construction, Motors are every bit of a part or product quickly and efficiently. 
ot _ : “! sages to 1/10 hp, But any leakage of this same cleaning compound past the pro- 
sy Nig Sdcasuads omy. i shaft can clean out bearing lubricant too, and costly bear- 
Circle 559 on Page 19 ng failure would result. 
That's why Turco has standardized on Borg-Warner Mechan- 
ical Seals for all Turbulator units as the most 


Quick-Disconnect Coupling effective shaft seal for this rugged service. 


Find out how a Borg-Warner seal 
for use with nitrogen design can help solve your rotating 
and liquid oxygen shaft sealing problem. Write or 

Quick-disconnect coupling consists call for more information! 

of a male and female tapered con- , 

nector which, when hee. forms a vis yesh ig ma 

leakproof seal. Oxygen and nitrogen ea ee “ 

couplings are keyed differently so —for cleaning railroad 
that the possibility of erroneous engine parts! 

connection is eliminated. Use of a 

yoke-type lever permits instant dis- 

engagement with a minimum of 
force. Lever pivots on the female 
coupling and is fitted with slots 
that engage pins on the male as- 
sembly. By depressing the lever, 
male coupling is brought into posi- 
tion and firmly locked. Unit is 
constructed of a low-thermal-con- 


si 





ductivity stainless steel. Inner di- 
ameters of the male and female as- 
semblies are identical and there are 
no obstructions in the flow stream. 


Couplings with the inner diem- | Borg-Warner Mechanical Seals BW 


eters ranging from 1% to 8 in. are : 
available. Cryogenics Inc., Staf- P.O. Box 2017, Terminal Annex 


ford, Va. Los Angeles 54, California 
Circle 560 on Page 19 
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SHORT RUN STAMPINGS 


Freddy Federal says: “Behind every Federal stamping quota- 

P) tion stand the cost-cutting resources of modern one-stop 
facilities . . . experienced craftsmen personally interested 

in your satisfaction . . . and a big stock of standard tools 

ana fixtures available for use on your job without charge. You often 
save up to 80% on tooling costs at Federal! Most parts deburred 
without cost. Send us your print or part today for an airmailed quota- 


tion. If time is short, ask for reply by phone or wire. To get the most ‘ 


at the right price, always contact Federal!” 
Let us send you Catalog No. 301 with money-saving stamping design tips! 
FEDERAL STAMPING COMPANY 


7330 Atoll Avenue 
No. Hollywood, California 


FEBERAL TOOL & MFG. CO. 
3630 Alabema Avenve 
Minneapolis 16, Minnesota 


FEBERAL SHORT RUN STAMPING, INC. 
930 Lyell Avenue 
Rochester 6, New York 


Circle 270 on Page 19 





ENGINEERING 
DEPARTMENT 


Portable Drafting Kit 


contains drafting machine, 
paper, pencil 


Draftette sketch kit, has a new port- 
able drafting machine mounted in 
an improved vinyl, self-locking bind- 
er. Portfolio fold kit includes draft- 
ing instrument, with 3 x 5 or 4x 6 
in. scale and 180-deg protractor, pad 


of 50 sheets of 81/4 x 11 in. drawing 
paper, and pencil. Portfolio can be 
carried conveniently or stored in 
desk or table. Drafting instrument 
is anodized aluminum, one-piece 
scale. Kit measures 91/, x 13 x 14 in 
and weighs 11% lb. Draftette Co., 
P. O. Box 794, Beverly Hills, Calif. 

Circle 561 on Page 19 


Strain Gage 


has ultimate strain capacity 
of 5000 microstrain 


Flexible, ultrathin, semiconductor 
strain gage features a U-shaped con- 
figuration with leads on the same 
end. Gage designated Micro-Sensor 
Model MS632-120, provides flexi- 
bility for reduced-radii applications, 
and ease of limited-area installation. 
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Proof-tested to 3000 microstrain, 
gage has an ultimate strain capacity 
of 5000 microstrain. Mounted on a 
high-temperature backing, unit has 
a gage factor of 110, with a resist- 
ance of 120 ohms. Operational tem- 
perature range is —320 to +400 F. 
Micro Systems Inc., 319 Agostino 
Rd., San Gabriel, Calif. 

Circle 562 on Page 19 


Photocopy Unit 


is built into an 
attaché case 


Attaché photocopier, a diffusion- 
transfer machine, is a portable unit 
which copies anything, providing 
exact, prints. Case weighs 
12¥, lb, has natural luggage color 
with brass hardware and dual se- 
curity locks. It can copy any original 
up to 9 in. wide by any length. 
Cut-sheet negative and positive 
papers are stored in the top of the 
case. Unit can be used in daylight 
or under artificial-lighting condi- 
tions. Exposure light source is an 
8-w, 12-in., green fluorescent lamp, 
rheostat-controlled by a panel knob 
to compensate for varying shadings 
of originals, Over-all dimensions 


are 1714 in. wide x 1234 in. high 
x 43/4 in. deep. Anken Chemical & 


Film Corp., Newton, N. J. 
Circle 563 on Page 19 


Portable Test Chamber 


uses liquid CO, to achieve 
fast, controlled cooling 


Continuously controllable tempera- 
ture range from —100 to +200C 
for simplified environmental tem- 
perature testing is available in Hi- 
Lo temperature test chamber, Mod- 
el 3040640. Unit permits complete 
temperature cycling in one installa- 
tion. It uses bottled liquid CO, to 
achieve fast cooling with precise con- 
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The 36 Gripbelt is narrower and 


* REGULAR 


deeper \/]|\J than regular types, 


providing efficient, more compact 


V-drives =: @ 


fewer belt cross sections /4, WJ io 


with 








ne REGULAR 
grarre conduct! 


top-quality features 


ant or “PROo, 


and all 


WeEaT RESIST 


Investigate. See your Browning Distributor. Catalog V-358-B. 


td 
th 
ee6 OUR YEAR 


i AEE SIAM NN RE Ke: 
POWER TRANSMISSION EQUIPMENT 


BROWNING MANUFACTURING COMPANY, MAYSVILLE, KENTUCKY 


Circle 271 on Page 19 145 





Large dalanced supply and relief valves pro- 
vide rapid response with precise control plus 
maximum flow for minimum size. 


Kendall is a direct acting, spring actu- 
ated, bleed type valve. Governaire is 
pilot assisted. Both lines have a unique 
boost action with increased flow rate 
that offsets downstream pressure losses. 
Both are immune to supply pressure 
variations and suited to either high-flow 
or dead-end applications. With the 
Kendall/Governaire lines, Stratos offers 
, the largest selection of standard and spe- 
cial precision pressure regulators, relays 
and volume boosters in the industry. 

For your copy of the Stratos Engi- 
néering Manual and Data Sheets 

above, write 


‘ances eRe cmon 








trol. A single precision heat and 
cold dial provides complete control 
of the internal temperature, and a 
direct-reading thermometer provides 
continuous visual monitoring. Pro- 
visions for pneumatic and electrical 
connections are built in. Giannini 
Controls Corp., 1600 S. Mountain 
Ave., Duarte, Calif. 

Circle 564 on Page 19 


Load Cells 


for use in temperatures 
from —300 to +750 F 


Load cells designed to measure both 
tension and compression over a wide 
range are available in seven stock 
models with full-load ratings from 
1000 as 100,000 Ib. Units rated as 


low as 100 Ib or as high as 500,000 


Ib are available on special order. 
Sensing function of the force-meas- 
uring transducers is performed by 
resistance-wire type, high-tempera- 
ture, weldable strain gages in a 
bridge configuration within a ring. 
Units are conservatively rated; they 
can be overloaded as much as 50 


per cent without destroying calibra- 
tion. Method of temperature com- 
pensation provides high stability in 
the presence of wide and rapid 
changes in temperature. Units can 
be used without damage in temper- 
atures from —300 to +750 F. Rec- 
ommended input voltage is 10 v 
with a maximum of 15 v allowable; 
nominal output voltage is 25 mv full 
scale with 10 v input. Microdot Inc., 
220 Pasadena Ave., South Pasadena, 
Calif. 

Circle 565 on Page 19 





Need a basic re- 
fresher course in 
FASTENERS? SEALS? 
BEARINGS? 
ONS METS 


Someone has said “Information 
keeps like fish.” The best 
method of storing design infor- 
mation is to keep your personal 
reference file as current as 
possible. MACHINE DESIGN’s 
Handbook series provides design 
engineers with current, authori- 
tative information on the speci- 
fication, standards, application 
and sources of supply for ma- 
teriais and components. 

To obtain your personal copy 
of The FASTENERS Book, The 
SEALS Book, The BEARINGS 
Book or The FERROUS METALS 
Book, simply tell us which ones 
you need and enclose your 
remittance or Company Pur- 
chase Order of two dollars for 
each book. 

Up-date-your information today! 


Basic Reference Manuals 
For Design Engineers 
Reader 

Service 


Penton Building, 
Cleveland 13, Ohio 


SSseceeseseecaca: 


Macuine Desicn 





THE ENGINEER’S 


Library 


Engineering Fundamentals for Profes- 
sional Engineers’ Examinations. By Lloyd 
M. Polentz; 366 pages, 51/, by 8 in., cloth- 
bound; published by McGraw-Hill Book 
Co. Inc., 330 West 42nd St., New York 36, 
N. Y.; available from Macutne Desicn, 
$9.50 postpaid. 


A comprehensive review of engi- 
neering fundamentals is presented 
for the closed-book fundamentals 
section of state licensing examina- 
tions. Particular attention is given 
to the eight fields of engineering 
that ordinarily appear on the exami- 
nations: mathematics, mechanics, 
fluid mechanics, thermodynamics, 
mechanics of materials, electricity 
and electronics, chemistry, and eco- 
nomics and investment theory, Prin- 
ciples of physics, as they apply to the 
various subjects discussed, are inter- 
spersed throughout. 


Electronic Packaging with Resins. By 
Charles A. Harper; 339 pages, 6 by 9 in., 
clothbound; published by McGraw-Hill 
Book Co. Inc., 330 West 42nd St., New 
York 36, N. Y.; available from MacHine 
Desicn, $11.00 postpaid. 


This book is a practical guide and 
reference for applications involving 
casting, potting, impregnation and 
encapsulation of electrical and elec- 
tronic components and systems. Ma- 
terials discussed include epoxies, 
polyesters, silicones, urethanes, poly- 
sulfides, and others. Many differ- 
ent material classes are included 
such as foams, low density systems, 
high thermal and electrical con- 
ductivity compounds, environmental 
resistance systems, and the new 
epoxy systems such as novalacs, and 
epoxidized polyolefins. 


Engineering Management and Adminis- 
tration. By Val Cronstedt; 345 pages, 51/4, 
by 8 in., clothbound; published by Mc- 
Graw-Hill Book Co. Inc., 330 West 42nd 
St., New York 36, N. Y.; available from 
Macuine Desicn, $8.50 postpaid. 


This is essentially a how-to refer- 
ence book for operating an engi- 
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‘Jeep’ Industrial Engines 
converted to INBOARD- 
OUTBOARD Drive use. 3 


Send for catalog giving 
LP Gas and Marine Col 


Manufacturers 


Circle 275 on Page 19 





CONNECTION OR 


BISCONNECTION OF 
PLUID LINE CIRCUITS 


AUTOMATIC FLOW 
OR SHUT-OFF 


lnstantly shuts off both sides 
of circuit... prevents loss of 


liguid, gas or pressure 


8 When Coupling is disconnec- 
ted, identical valves in both the 
Socket and Plug provide instant 
shut-off of gas or liquid. To elim- 
inate leakage or spillage during 
disconnection, the Coupling is 
a0 designed that shut-off takes 
place before the Plug separates 
from the Socket—and before the 
seal of the Socket itself, provided 
bythe Socket"O” Ring, is broken. 


Is reverse, when Coupling is con- 
nected, the “O” Ring in the 
Socket completely seals Coup- 
ling before valves release flow of — 
fluid from both sides of circuit— 
thus eliminaitng possibility of 
spurt of gas or liquid during 
instast of connection. 


Available in brass or steel with 
female pipe thread connections 
from 4%” to 114” inclusive—also 
up to 1° in stainless steel. 


Quick-Connective Fluid Line Couplings for 


COMPRESSED AIR ¢ HYDRAULIC FLUIDS 
WATER « VACUUM. e STEAM e GASOLINE 
ACETYLENE e REFRIGERANTS e OXYGEN 
OIL e GREASE « COOLANTS e LP-GAS 


Write for the 
Hansen Catalog 


Here is an always ready reference 
when you want information on couplings 
in o hurry. Lists complete range of sizes und 


types of Hansen One-Way Shut-Off, Two-Way 


Shut-Off, and Straight-Through Couplings. 


Representatives in Principal Cities... see Yellow Pages 








neering department in the modern 
industrial plant. It is designed to 
supply ready solutions to the ad- 
ministrative problems that arise in 
engineering departments of all sizes. 
Samples of policies are introduced, 
as well as procedures and practices 
to be used as guides in the prepara- 
tion of company manuals. 


Guide to Metallurgical Information. 
Edited by Elizabeth W. Tapia; 85 pages, 
8% by 11 in. paperbound; published by 
Special Libraries Association, 31 East 
Tenth St., New York 3, N. Y.; $4.00 per 
copy. 

This bibliographical guide de- 
scribes more than 600 books, jour- 
nals, and other information sources 
in the field of metallurgy. The cov- 
erage includes societies, trade as- 
sociations, research institutes, gov- 
ernment agencies, and technical 
services. The scope is world wide 
and reference sources published 
within the last 20 years are em- 
phasized. 


Reports. Co of 
rts — wae are —_ from 
ice of Technical Services, U. , 

of Commerce, Washington 25, D. ia 


metal 
which is to some degree 
relative elasticity moduli 


Ff 


stideele 
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Complete reprints of major article 
series and collections of articles, and 
extra copies of Macuine Desicn 
Books, are available from: Reader 
Service, Macuine Desicn, Penton 
Bidg., Cleveland 13, Ohio. Remit- 
tance or company purchase order 
must be enclosed with your order. 
Add 3 per cent to orders in Ohio to 
cover State Sales Tax. 


The Ferrous Metals Book, 1961 Edition 
Bice Bay 
_ Book, 1961 Edition (256 
Tie Seals Book, 196 Edition (240 pp.) 
The Fasteners Book, 1960 Edition (236 


al Mose Control, by J. Ronald baleen | 
Ci pp) sl S. Newman, Jr., 1960-196 


Preven: fl Failures, F. B. Stu- 
at -. wee Schulte, 


Cyapcien), 1958 (40 i'Dv 
"debug and and ©. M Goldemith: 1958 (2 
neice of Vehicles, pa Jaroslav J. Ta- 


borek, 1957 (94 
pe for pe Loading by Joseph 


rm pp) $I 
‘seg Servo Fi tals, by J. M. 
e. 


Volume 1: mls Fi 1956 (32 $1 
Volume 2: Nov., 1 Mars 1997 (30 > 
Value 3: May, 1957—Feb., 1958 (44 


nia Reb Rapes ite 
- iC), rt, x 
1955 146 

MA GN Data Sheets 
1960 (130 pp.) $2 1957 (102 pp.) $2 
1959 (136 pp.) S 1956 (114 pp.) $2 
tee 132  * 

the Mechanisms Confer- 


Sith Conference, Bn 52 $2 
Fifth Conference, | oo pp) 


ov 953 (48 pp.) 
Ga 1.-Dratn Aids, 1956-1957 (32 
Val & oo Aids, 1956-1958 (30 
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Here’s why 
the great names in 


industry SPECIFY GI! 


EXPERIENCE. With 40 years’ 
i in designing and man- 


experience 
ufacturing, GI can assure you of 
the most efficient motors to meet 
any requirements, There’s no sub- 
stitute for experience! 


DEPENDABILITY. GI motors have 
been quality-proved in millions of 
applications the world over. When 
the reputation of your product is 
at stake, you can rely on GI! 
ECONOMY. GI is a “complete” 
motor manufacturer. Almost all 
components, aside from the raw 
materials, are produced in our 
own modern plant, 

maximum economy consistent 
with quality. 


It Makes Sense To Specify G/... 
See Our Catatog in 


swces| SMOOTH 
7a-Gen 
© | POWER 


or Write fer Copy 
AC MOTORS 














1/1800 H. P. TO 1/35 H.P. 
Quantity Price Quotation on Request 


rHe GENERAL INDUSTRIES co 


DEPT. GK 


Cirele 277 on Page 19 


ELYRIA, OHIO 





i win pay you to check out your new design 
ideas with Polar Ware. The chances are good that 
our hundreds of existing dies, plus the facilities of 
ar complete tool and die shop, can save you thou- 
sands of dollars in tool cost, plus weeks of waiting 
time. Difficult seamless deep drawing work in stain- 
less steel is our specialty, in gauges from 3 to 30; 
also carbon steel and aluminum. 

Take advantage of our more than 
5C years’ ence in metalwork- 
ag. Without obligation, send your 

. to the Contract Department. 
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Combination Clutch and Flexible Coupling 


A combination clutch and flexible coupling for frac- 
tional-horsepower motors permits as much as 15 de- 
grees of shaft misalignment without affecting the effi- 
ciency of power transmission. The assembly comprises 
a clutch body composed of two barrels which are 


threaded together, a clutch disc, and two springs and 
washers. Rotation of the input shaft is transmitted 
to the clutch body and, in turn, to the left-hand spring, 
left washer, clutch disc and output shaft. Action of the . 
left-hand spring rotates the clutch disc even though the 
disc and springs may not be normal to the shell axis. 
Patent 2,991,637 assigned to General Electric Co., New 
York, by Elmer E. Lochow. 


Delay Timer 


A needle valve controls fluid between two opposed 
pistons to slow down movement in a mechanical sys- 
tem. As pressure is applied against the tongue, the 
lower piston moves upward in the lower cylinder, dis- 
torting the diaphragm so that it folds back in the 
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recess, At the same time, fluid is forced from the 
lower chamber into the upper chamber against the 
action of the spring and needle valve. When the 
pressure against the tongue is released, the spring 


Macuine Desicn 





pressure causes the pistons to return to their original 
positions. Patent 2,991,992 assigned to Aeroquip Corp., 
Jackson, Mich., by Edward C. Elsner. 


Clutch-Lock Differential 


A differential for earth moving machines can be 
locked to transmit power equally to all wheels. An 
annuler cavity in the differential cage forms the clutch 
housing and the clutch elements are actuated by a fluid 
piston. When fluid pressure is applied to the piston it 


locks the differential cage directly to the axle shaft. 
Since the differential cage is connected to the differen- 
tial pinions, and the face gear is secured to the axle, 
the entire differential is locked. Patent 2,991,664 as- 
signed to General Motors Corp., Detroit, Mich., by 
Ralph J. Bernotas. 


NOTEWORTHY PATENTS 





Variable-Discharge Compressor 


A crescent-shaped ring adjusts to alter the com- 
pression ratio of a rotary compressor according to the 
load on the system. The ring automatically varies the 
size of the discharge outlet and at the same time main- 





la Hd YW. “My 





tains the cutoff point for fluid ae the suction 
inlet, An operating linkage at the inlet side is actuated 
with a change in load to alter ring position. Patent 
2,991,930 assigned to Worthington Corp., Harrison, 
N. ]., by Herbert E. Lindner. 


Copies of patents briefed in this department may be 
obtained for 25 cents each from the Commissioner of 
Patents, Washington 25, D. C. 





With Eastman 910 Adhesive... 


Vinyl bonds to melamine-coated aluminum in seconds 


In the assembly of its top-line 
“Galaxy” portable, Smith-Corona 
Typewriter division of Smith-Corona 
Marchant, Inc., has found four places 
to save time and materials with East- 
man 910 Adhesive. Here’s one: 

In seconds, the <— 

adhesive se- 
curely bonds 
six vinyl retainers to the melamine- 
coated aluminum paper bail. Just one 














drop of adhesive per retainer is 
needed—no heat, no solvent, and only 
momentary pressure to position the 
parts is required. Further assembly 
proceeds without delay. 

Eastman 910 Adhesive will form 
bonds between almost any plastics or 
other materials. Like to see for your- 
self? Just send $5 for a trial kit to 
use on your toughest job. Kits and 
more information are available from 
Armstrong Cork Company, Industrial 
Adhesives Division, 9106 Dean 
Street, Lancaster, Pa.; or from East- 
man Chemical Products, Inc., sub- 
sidiary of Eastman Kodak Company, 
Dept. M-8, Chemicals Division, 
Kingsport, Tennessee. 


Here are some of the bonds that can be made with Eastman 910 Adhesive 
Among the stronger: vinyls, phenolics, cellulosics, polyesters, polyurethanes, nylon; 
natural rubber, SBR, Buna N, most types of neoprene; most woods; steel, aluminum, 
brass, copper. Among the weaker: polystyrene, polyethylene, and fluoro-hydrocarbon 
plastics (shear strengths up to 150 lbs./sq. in.). 
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SETS FAST—Makes firm bonds in seconds to 

minutes. 

VERSATILE—Joins virtually any combination of 
materials. 


HIGH STRENGTH—Up to 5,000 ibs./sq. in. de- 
pending on the materials. 
READY TO USE—No catalyst or mixing neces- 


CURES AT ROOM TEMPERATURE—No heat re- 

quired to initiate or accelerate setting. 

CONTACT PRESSURE SUFFICIENT. 

LOW SHRINKAGE—Virtually no Lg eyeet on set- 

ting as neither solvent nor heat is 

GOES FAR—One-pound poner foe about 

14,000 one-drop applications 

gested a of Eastman 910 se . 
presence of extreme moisture for pro- 

See Sweet's 1961 Product Design File 10d/Ea. 





important: 
These valves are 
standard catalog items. 


@ They are available for immediate deliv- 
ery {in stock) at standard vaive prices, for a service which 
generally requires costly (made-to-order) special valves. 

@ Shut off and 4-way valves in 44, % and 
% inch port sizes are rated for 10,000 P.S.1. liquid or 
gases. They will withstand surges of up to 15,000 P.S.I. 
without damage to the valves’ sealing qualities (designed 
for a burst pressure of 30,000 P.S.1.). 

Solenoids are available for 115, 230 and 460 volt A.C. 
operation. 

@ Long maintenance-free service is 
achieved through the leak-proof ‘Shear-Seal"’ design. 
Optically flat metal to metal sealing surfaces (of the 
self-aligning sealing rings and the mating rotor face) are 
protected by staying in constant intimate contact: flow is 
always through the canter of the ‘“Shear-Seals,"’ never 
across sealing/surfaces. Sealing qualities actually improve 
as the seals iap themselves to a more perfect fit with each 
valve operation. There is no external shaft leakage be- 
cause the pressure is confined to the flow passages. 


For complete data write 
for catalog S-10000. 


CONTROL VALVE DIVISION 





NOW!1.. . the industry's finest 


AUTOMATIC PARTS FEEDERS 


at the industry’s lowest prices! 


if operation involves the manufactute or 
pole of parts in — oe ep it ‘will 


pay you to investigate the cost saving advantages 
of Feedmatic-Detroit automated w: dowldey 


16” DIAMETER 
18” DIAMETER 


$185.00* 
205.00* 
225.00* 




















All prices include 115 volt 
totally enclosed electric motor. 
220/440 volt motor $10.00 
additional. 


Automatic -up and placement 

units pre A ag eg complete auto- 
mation of assembly process . 

designed to meet your specifi ic 

requirements. 

*Tracks extra, subject to quotation. 


SEND SAMPLE PARTS FOR PROMPT QUOTATION 


FEEDMATIC— DETROIT, INC. 
BOX 115-E © SOUTHFIELD, MICHIGAN 
Rotary — ¢ Floor Hoppers « Automatic Gaging Machines 


Automatic Assembly Machines 
Please direct inquiries to advertiser, mentioning MACHINE DESIGN 














Design Guide to 


“Adjustable - Speed 
Drives” 





© ELECTRICAL 
@ MECHANICAL 
© HYDRAULIC 


Here, in one book—148 pages, with 24 tables, 
119 charts and 171 illustrations—is what the 
designer should know about adjustable speed. 


$7.00 


Penton Building Cleveland 13, Ohio 


{Remittance or Company Purchase 
Order must be enclosed with order.) 











SELF 
ALIGNING 
SWIVEL 
FITTINGS 


Designed by DUMONT ENGINEERING to eliminate stress loads 
in tubing arising from operation, installation, vibration and 
other functional characteristics and to maintain a compara- 
tively low torque rating, this small lightweight unit offers an 
ideal solution for many rotating or oscillating fluid line 
problems; suitable for operating pressures up to 5,000 PSI. 
One of the most outstanding features of this unit is its 
automatic compensation for misalignment of up to 14° in 
addition to a 360° rotation. This self-aligning swivel is avail- 
able with several different configurations to assure its flexi- 
bility and usefulness: straight-through, 45° angle, right angle, 
tee, cross or any angle. 

With the characteristics of almost universal application this 
unit is suitable for nearly all types of liquids and gases. And 
every unit undergoes rigid inspections for quality control to 
insure its function and reliability. 


Many other designs, sizes and fitting ends are avaliable. 
For complete information and specifications write or phone: 


PATENT APPLIED FOR 


DUMONT ENGINEERING 


DEPARTMENT M-2, 1401 FREEMAN, LONG BEACH, CALIFORNIA 
PHONE: SPRUCE 5-1131 * GENEVA 3-4931 
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PLAIN TYPES 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


For types operating under high 


on pas aaah temperature (800-1200 
degrees F.). 


and 


For types operating under 
high radial ultimate loads 
(3000-893,000 Ibs.). 


1 
2 
3 Bronze Race and ; For types operating 
4 


Chrome Alloy Steel 
Bali and Race 


under 
normal loads with minimum 
Chrome Steet Ball friction requirements. 


“*Dyfion’’® Plastic 
Alloy Inserts. CRES 


Bali and Race. 


fe 
Chrome Alloy Steels. where lubrication is impossible. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Our engineers welcome an 
opportunity of studying individual require- 
ments and prescribing a type or types which 
will serve under your demanding conditions. 
Southwest can design special types to fit indi- 
vidual specifications. Write for Engineering 
Manual No. 551. Address Dept. MD-61. 


SOUTHWEST PRODUCTS CO. 


Circle 262 on Page 19 





Hydraulic Cylinders 


e Basic Designs 
@ Superior Quality 


@ Specific Adaptations 
_ @Application Engineering 


BHEW SINGLE-ACTING GENERAL-PURPOSE CYLIN- 
pere (1500 pst DISPLACEMENT — RAM — STYLE 
SERIES) are designed around standard components 
but custom-built to suit your application. They’re 
zvailable in a variety of mountings (pin eye is 
standard) with adjustable or non-adjustable rod 
ends, with or without rod ends. 
e Self-adjustirng *‘U"* cup seal on pistons « Self- 
corre rod wipers « Honed steel barrel, high- 
ard chrome- open = ends « Packings 


aalatie ter for extreme np whan and 
uid 


low temperatures and 
most non-inflammable 


Production parts save you money, do the job 
better! BHEW basic cylinders can easily be 
modified to fit your specific product applica- 
tions. You benefit from production economies; 
you get custom-built cylinders. 


Let's discuss your design and application 
problems — 


ae pod Hydraulic Cylinder Engineering Reference 
Date — 78 dimensional basic designs for general — and 
special-purpose double-acting nore SAVE TIME. 


GEXTON HARBOR ENGINEERING WORKS, ING. 
622 Langley Avenue St. Joseph, Michigan 
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PREVENTS 


COSTLY DAMAGE 


eee AUTOMATIC 


GAUGE CUT-OUT 


From 15 to 2400 psi... 
--100° to 500°F. Wide range 
of cut-out pressure settings. 
Available in brass or 303 
staintess. 





A safety shield for gauges and 
rsonnel, the Circle Seal Gauge 
tector is designed for pneu- 
matic or other gas systems as 
well as liquid service. Use of 
contact rather than sliding seals 
overcomes O-Ring breakaway fric- 
tion problems associated with 
piston type units. Automatic cut- 
out when system pressure 
exceeds gauge limit... auto- 
cut-in when system pres- 
sure returns to normal maximum. 
In gas systems, surge or shock 
waves will close valve momen- 
tarily to reduce shock to gauge 
elements. Where gauges are cas- 
caded, Gauge Protector automati- 
cally cuts out lower pressure 
gauges ...cuts them in as sys- 
tem pressure fails. 








CIRCLE SEAL PRODUCTS CO., INC. 
2181 East Foothill Bivd., 
Pasadena, Calif. 
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ATTENTION 
TRANSMISSION DESIGNERS 


New 30-page booklet gives complete 
design data on friction-clutch trans- 
missions. Each booklet contains: 


* Factors in Clutch Performance. 
* How to Analyze a Clutch System. 


* Thermal Capacities and Limita- 
tions. 


* How to Cope with the Tempera- 
ture Problem. 


$1.00 a copy 


Order from 


MACHINE DESIGN 
Reader Service 
Penton Building, Cleveland 13, Ohio 


(Remittance or Company Purchase Order must be enclosed with order.) 
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ALL ABOUT 
WELDED DIAPHRAGM 


1S _J} INDEX DRIVES 





And the proof is in the performance of these ag special- * 
ized units by Melvina Can Company of Maspeth, New York 
and Bartelt Engineering Company of Rockford, Illinois. No 
settling for second best here, when only the finest will do. 
Little wonder that builders of industrial machines to the 
most critical tolerances naturally turn to [¢Md) Index 
Drives . . . the vital quality component! 


Use this coupon to 
get copies of these 
basic welded metal 
diaphragm bellows 
manuals, 


METAL BELLOWS CORP. 
Gentlemen: Please send us 
Design Data 
c&Md , with 30 years of service to 2 Vol ’ i 
American industry, delivers index [1] Volume Compensator Bellows literature 
drives that out-perform, out-last and c 
out-do the rest. Here is the one line ompany Name 
of index drives that does the job 
you want donel Address 
Complete and informative literature and City 
engineering data available upon request. ivi i, 
Sead fae  todan: Individual’s Name 


Exclusive territories available for experienced 
representatives. Write for details. 

















COMMERCIAL 
AM & MACHINE 


106 MICA LANE, WELLESLEY HILLS 82, MASS. 
Pacific Division: 20972 Knapp Street, Chatsworth, California 
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THE JOHNSON CORPORATION 
811 Weed 9., Three Rivers, Mich. 
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WANTED: 
EQUIPMENT DESIGN ENGINEER 


The Research and Development Division of a 
has an immediate opening 


company. 
YOU SHOULD HAVE: 


1. Degree in Mechanical Engineering. 
2. Experience in the design of medium heavy 
machinery (converting machinery or paper 
machinery field preferred but not essential). 


. Knowledge of strength of materials, mech- 
anisms, and other engin fundamentals 


as far as they apply to equipment design. 


4, Ability to direct others in the preparation 
of detail drawings and layouts. 


This is an excellent rote to use your 


initiative and creative ability in an atmosphere 
conducive to accomplishment, 


Salary open. Age to 35, 
Send complete resume in strictest confidence 
to: 


Box 998, MACHINE DESIGN, 
Penton Building, Cleveland 13, Ohio 


3 











FL 





(Remittence or Company Purchase Order must be enclosed with order.) 


EXIBLE COUPLINGS 


Here is a design guide full of practi- 
cal help and specifications on 100 
basic forms of flexible couplings. 
This 28-page manual is completely 
illustrated and cataloged for your 
reference. 


$1.00 a copy 


Order from 

MACHINE DESIGN 

Reader Service 

Penton Building, Cleveland 13, Ohio 


.) 
‘ 
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ENGINEERS 


AVAILABLE OR WANTED 


AVAILABLE: Design Engineer for hoard work. Offe: you 

competence, ability and twenty years’ experience on ign 

of product. power press dies, automatic and other ; 

production tools: quality draftsmanship: ingenuity and origi- 

nality on development of ideas. Temporary engagements or 

= Fee basis. Any location. Address: Boxholder, 202 
ck Bay Postal Annex, Boston. Massachusetts. 


AVAILABLE: Automation Expert as Consultant. M.S.M.E.. 
broad. diversified experience in automation systems, expert 
in the design, development and evaluation of automatic 
machines, high speed mechanisms, and manufacturing proc- 
esses. Many years of association with lea corporations 
in industry. Address Box 997, MACHINE DESIGN, 1213 West 
Third Street. Cleveland 13, Ohio. 


WANTED: Exceptional opportunity for a machine designer 
BSME minimum) with board experience. He should be a 
natural mechanic and interested in the design and develop- 
ment of complex mechanisms and automatic production ma- 
chinery with associated electrical controls. Located in Cen- 
tral New York. If a man has initiative, possesses sound 
judgment in technical field and has a desire to be creative, 
he should send his complete resume and starting salary to 

999. MACHINE DESIGN, 1213 West Third Street, Cleve- 
land 13, Ohio. 


WANTED: Exceptional opportunitiy for engineer (B.S.M.E. 
a with et a a, board ex- 
perience interested ign velopment of complex 

Will handle special for cen- 


starting salary to Box 995, 
Third Street. Cleveland } 
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Timken Roller Bearing Co., The 
Torrington Co., The STEEL, FOUNDRY, NEW EQUIPMENT DIGEST, 
Twin Disc Clutch Co, AUTOMATION 


MACHINE DESIGN is sent at no cost to man- 
agement, design and ing personnel 

Union Carbide Corporation, Linde Co. whose work involves design engineering of ma- 
Division chines, appliances, ical and mechanical 
equipment, in U. S. and Canadian companies 

empioying 20 or more people. are sent 
on the basis of one for each group of four or 
Victor Mfg. & Gasket Co. . Consulting and industrial engi- 
neering firms, research institutions and U. S$. 
siicis siiaaitlinn: Cas, Wes government ,instaliations, performing design en- 


gineering of products are also eligible. 
Haydon, A. W., Co., The Waldron-Hartig, Division of Midland-Ross Subscription in United States, possessi ons, ond 
’ odo, for essed 


Can home-oddr copies 

not ee alified — above rules: One ote 
é pa Pe oes $1.00. Other wie Py 
imperial Electric Co. vision ished every other rsday 

: ee 6 Penton Publishing Co., Pénton B 


Bidg., Cleveland 
Bellows-Valvair Division . — “ Pg ‘as Cocarolind Ceca 
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—Melting Pot for Ferrous Fasts 


Macnine Desicn’s newest “iron in the fire” 
of design-engineering literature—the Books 
program—has produced volume number four, 
The Ferrous Metals Book. Those of you who 
saw it first probably have it on your book- 
shelyes; the rest of you need not despair, for- 
tunately, because we have extras and you can 
send for your own copy. 

This book, like our Fasteners, Seals, and 
Bearings books, is divided into two parts: A 
Design Data section and a Product Directory. 
There are 30 data sheets, each containing all 
the mechanical, physical, and fabrication char- 
acteristics for a small group of similar alloys. 
About 150 different kinds of metals are covered. 

The Ferrous Metals Book is easy to own. 
Just serd $2 to Reader Service, Macnine Dr- 
sicN, Penton Bldg., Cleveland 13, Ohio. 


—Book by its Cover Dept. 


You probably noticed the cover of our last 
issue—it was black and white and gray and 
purple and green and blue and had the sym- 
bol for a pump surrounding the ratio 2zuN/Ap. 


The cover was inspired by the article “Hy- 
draulic Pumps and Motors,” and George 
Farnsworth’s inimitable touch made even the 
ratio look like more than just a collection of 
Arabic, Greek, and English characters. In fact, 
if you have an imagination as vivid as George’s, 
or if you hold the magazine in front of a 
mirror,* you will see that 2xuN, a la Farns- 
worth, is “Nuts” spelled backwards. 

Furthermore, George, “nuts” spelled back- 
wards is “stun.” And we think your covers 
are siunning. 


"This practice is not recommended for reading the rest of 
MacHIne Dsstan. 


—Word Weigher 


Described as an accessory “for the desk that 
has everything,” this gadget may also provide 
a means of diversification for the engineer who 
usually toys with his slide rule while talking 
and/or thinking. When used for its intended 


purpose, the Stamp Teller weighs letters. The 
envelope is placed perpendicular to the handle, 
and a metal weight slides along the scale, 
which is graduated from 1% to 2 oz. Great 
accuracy is not claimed for the Stamp Teller, but 
it does indicate whether a letter needs one or 
two stamps. The pointed end slits envelopes, 
and the handle magniiies. The tool is molded 
of Du Pont’s Lucite and Delrin for Morgan 
Development Laboratories Inc., New Canaan, 
Conn. Three dollars. 


—No-How 


Turning down an invitation is always hard 
to do, and this holds true for an aspiring 
author’s invitation to publish his work in 
Macuine Desicn. Although we accept many 
“over-the-transom” articles, we must also re- 
ject a fair number. When we say “No,” we 
explain why, then we don’t usually hear from 
the author again until he submits another 
manuscript. One writing team, however, re- 
cently responded to the return of their latest 
brain child as follows: 

What a mortuary engineer you could be! 

The gentle hands, the kind words, the 

distinct radiations of departed spirits— 

simply tremendous qualifications. Not to 

mention the tears. You handle the hemlock 

cup so deftly that it is a pleasure to have had it. 


Not everybody is so tickled over a rejection 
letter, of course, and it should be noted that 
these authors—during the development of pre- 
vious articles—have grown to be friends of the 
editor who spurned them. 


Macuine Desicn 
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and here’s how 
Pheoll solved it 


A recent development by Pheoll has made this fisherman’s 
regular job a lot easier. The job. . . that of electrician. 


Specifically, Pheoll has done away with all the red tape— 

or should we say “black tape” —involved in setting up wiring 
systems. Now, to make an electrical connection there’s 

no need for tape to tape and tape the wires together. A set of 
Pheoll designed shouldered brass screws, built into a small 
plastic case, form handy binding posts around which the wires 
can be wound and joined. The electrician clamps on the lid, 
screws it down tight .. . and the connection is made... 
quickly and permanently. No tape deterioration. No shorts. 


This is typical of Pheoll experience . . . the application of 
creative engineering to basic, everyday fastener problems... 
that can be helpful to your company. 


Why not call or write Pheoll today? 


Pheoll Manufacturing Company, Ine. 
6700 WEST ROOSEVELT ROAD CHICAGO 50, ILLINOIS 
Circle 202 on Page 19 
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HEADING 
THE 
FASTENER 
INDUSTRY 








How Allis-Chalmers reduces maintenance, 
boosts work capacity of their crawler tractors 
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To design both greater work capacity and reduced 
maintenance into their crawler tractors, Allis- 
Chalmers engineers used Timken tapered roller 
bearings for the heavy duty track rollers. 

Timken bearings work with the steel sealing rings 
to effect a positive seal that makes one-time lubrica- 
tion possible. Timken bearings keep all parts 
precisely aligned. They protect the seal by minimiz- 
ing side thrust and wobble, eliminate wear that 


makes bushing-type assemblies impossible td seal 
positively. And the tapered design lets Timken 
bearings take both radial and thrust loads. Full-line 
contact between rcllers and races provides extra 
load-carrying capacity—extra work capacity. 

And to deliver more power where it’s needed, 
Timken bearings are also used in the bevel and 
clutch shaft, final drive pinion, intermediate and 
sprocket shafts, track idlers and support wheels. 





Industry rolls on 


TIMKEN’ 


pered roller bearings 
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ENGINEERING ASSISTANCE, carly 
in the design stage, helps manu- 
. facturers stretch bearing dollars. 
Timken bearing engineers have the 
training to do the job and are eager 
to help you. 


METALLURGICAL LAB develops the 


steels that will make tomorrow’s 


‘Timken bearings last even longer, 


help customers to design more eco- 
nomical and durable bearing 
applications. 
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The Timken Roller Bearing Company, 
Canton 6, Ohio. Cable: ‘“Timrosco’’. 
Makers of Tapered Roller Bearings. 
Fine Alloy Steel and Removable 
Rock Bits. Canadian Division: 
Canadian Timken, St. Thomas, Ont. 





—y 


— ety 


